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ALUMINUM AND ITS ALLOYS 


UDC: 669.715:620.194,2 


SIGNIFICANCE OF THE ENVIRONMENT IN CORROSION CRACKING OF Al-Mg AND Al-Li-Mg 
SYSTEM ALLOYS 


L'vov FIZIKO-KHIMICHESKAYA MEKHANIKA MATERIALOV in Russian Vol 19, No 2, 
Mar-Apr 83 (manuscript received 17 Jul 81) pp 29-34 


KURTASOVA, L. A. and POLYANSKIY, V. M. 


[Abstract] Both oxygen and water must be present for corrosion cracking of 
aluminum alloys to occur in liquid or gaseous media. Since the interaction 
of the metal with oxygen and water is accompanied by the formation of oxides, 
the generation of excess concentration of vacancies at the metal-oxide 
boundary, when the mechanism of oxidation is determined by diffusion of 
cations through the oxide film to the boundary with the atmosphere, must be 
important. The purpose of this work is to study these phenomena in Al-8.5- 
11.5% Mg and Al-2%Li--62Mg and estimate their role in the mechanism of 
corrosion cracking of these alloys. The object of the study wac alloys in 
the two systems heat treated by hardening and aging for up to 10 years. Thin 
foils were examined in an electron microscope. Crack growth rate was measured 
in specimens with a fatigue crack. The distribution of alloying elements 
among the grain boundaries was indirectly determined. It was demonstrated 

for the first time that the formation of an oxide film on the surface of a 
corrosion crack, facilitating the development of excess vacancies in the 
metal, can help to increase the sensitivity of an alloy to corrosion cracking. 
Figures 4; references 23: 11 Russian, 12 Western. 

[124-6508] 


UDC: 669.715:621.77 
PROPERTIES OF ALUMINUM ALLOY BLANKS AFTER HOT ISOSTATIC PRESSING 
Moscow TSVETNYYE METALLY in Russian No 5, May 83 pp 65-67 
BELOV, A. F., BONDAREV, B. I. and SHMAKOV, Yu. V. 
[Abstract] A study is presented of the possible influence of hot isostatic 


pressing on the physical and mechanical properties of blanks of aluminum 
alloys. Seven alloys were studied in the following systems: Al-Cu-Mg; 


l 











Al-Zn-Mg-Cu; Al-Mg-Si-Cu, including Al-Si-Cu-Mg granulated alloy. The 
studies indicated the possibility of broad utilization of hot isostatic 
pressing in metallurgical production in order to increase the quality of 
various products and semifinished goods made of aluminum alloys. Processes 
which occur during hot isostatic pressing include healing of micropores and 
cracks, conversion of hydrogen to a solid solution and resultant degassing 


of the metal. Figures 1; references 16: 6 Russian, 10 Western. 
[131-6508] 


ULS: 669.715-138:620.186 


STRUCTURE AND PROPERTIES OF GRANULATED ALUMINUM ALLOYS CONTAINING TRANSITION 
METALS 


Moscow IZVESTIYA AKADEMII NAUK SSSR: METALLY in Russian No 3, May-Jun 83 
(manuscript received 12 Jan 82) pp 93-98 


DOBATKIN, V. I., YELAGIN, V. I. and FEDOROV, V. M. 


[Abstract] Granule metallurgy is separate from powder metallurgy, since 
granules are always produced by spraying of alloy into droplets which crystal- 
lize at very high cooling rates, over 1000°C per second. Granule metallurgy 
is most effectively used for alloys which form nonequilibrium structural 
states which are rather stable at high crystallization speeds. Granule 
technology can be most effective for specially alloyed alloys with high con- 
tent of transition metals and certain other alloying components of low 
solubility. A study is made of the structure of granules of an aluminum 
alloy containing 8% Fe with a cooling rate of 1,000,000°C/sec. It is found 
that in the anomalously supersaturated solid solution there is about 0.05% 
Fe, the remaining iron being present as an intermetallide phase in highly 
dispersed form, dendritic cell size about 0.01 pm, producing a very high 
level of hardness. Figures 5. 

[142-6508] 


UDC: 669.715:621.762.001 
INFLUENCE OF STRESS STATE ON DUCTILITY OF COMPACTED GRANULATED ALUMINUM ALLOY 


Moscow IZVESTIYA AKADEMII NAUK SSSR: METALLY in Russian No 3, May-Jun 83 
(manuscript received 18 Dec 82) pp 99-102 


KOLPASHNIKOV, A. I., PETROV, A. P., KIRILYANCHIK, A. S., FEDOROV, V. M. and 
MASLOVSKIY, P. A., Moscow 


[Abstract] The most widely used technology for production of semifinished 
goods of aluminum alloy granules includes casting of the granules, heating 
of the granules, degassing in a vacuum or inert medium, briquetting, mechanical 








removal of the technological shell, heating of compact blanks and production 
of semifinished goods by rolling, pressing or stamping. This article analyzes 
mat .iematically the deformation of particles during rolling pressing or stamp- 
ing. It is found that the ultimate ductility of a compacted blank made of 
granules of aluminum alloy is quite sensitive to the stress state, maximum 
shear deformation being assured by using a deformation pressure which achieves 


the mildest stress state possible. Figures 2; references 5: all Russian. 
[142-6508] 


UDC: 669.715-41:539.374 


PLASTIC DEFORMATION OF SHEETS AND STRIPS OF ALUMINUM ALLOYS DURING CONTINUOUS 
HARDENING 


Moscow IZVESTTYA AKADEMII NAUK SSSR: METALLY in Russian No 3, May-Jun 83 
(manuscript received 29 Dec 82) pp 103-106 


DAVYDOV, V. G., KOVALEV, S. I. and SHCHERBAKOV, A. M., Moscow 


[Abstract] A study is made of the stress-strain state arising upon 
continuous hardening of a sheet using a numerical method. A solution of 
equations is derived describing the conservation of mass, momentum and energy 
in the process as well as the shape change of the material which occurs. The 
characteristic distribution of stresses and development of plastic zones are 
established for various rates of immersion of the sheet into the quenching 
medium. The relationship between the moment when defects such as surface 
banding develop and the mean stress power per unit volume is established. 
Figures 3; references 8: 7 Russian, 1 Western. 

[142-6508] 


UDC: 669.71'?'721 
REGULARITIES OF CHANGE OF HOT SHORTNESS OF Al-Cu-Mg SYSTEM ALLOYS 


Moscow IZVESTIYA AKADEMII NAUK SSSR: METALLY in Russian No 3, May-Jun 83 
(manuscript received 12 Aug 81) pp 175-183 


CHIRKOV, Ye. F., Moscow 


[Abstract] A study is made of hot shortness in the area of Al-Cu-Mg alloys 
corresponding to commercial alloys. Aluminum alloys containing 2.8-5.6% Cu 
and 0-6.3% Mg were studied. Studies were performed on technical aluminum 
alloys containing, in addition to copper and magnesium, 0.5% Mn, 0.1% Ti, 
0.15% Fe, not over 0.07% Si and 0.002% Be. The nature of change of hot 
shortness as a function of alloying is illustrated graphically. Hot shortness 
varies broadly, and is rather high for alloys not containing magnesium. For 
these alloys, the greatest hot shortness is for alloys with 2.8-4.9% Cu, the 
least for alloys with 5.6% Cu. Small quantities of magnesium result in a 





significant increase in hot shortness. The maximum tendency toward formation 
of hot cracks was found in alloys with 2.8-5.6% Cu and 0-1.2% Mg. Alloys ir 
the @+0+S area showed reduced hot shortness. A sharp decrease in hot shoit- 
ness was observed in alloys of the quasibinary @-S section with [Mg]=".34 
[Cu]+1.82. The minimum was found at 4.9% Cu and 3.5% Mg. Figures 3, 
references 27: 23 Russian, 4 Western. 

[142-6508 ] 


UDC: 669.715:539.374 
STUDY OF HETEROGENEITY OF DEFORMATION IN AD1-M ALUMINUM ALLOY 


Moscow IZVESTIYA AKADEMII NAUK SSSR: METALLY in Russian No 3, May-Jun 83 
(manuscript received 14 Sep 81) pp 171-174 


BAYNSHTEYN, A. A., KIBARDIN, M. A. and BOROVIKOV, V. S., Pervoural'sk 


[Abstract] Plastic microdeformations were measured o1 a specimen cut in the 
direction of rolling from ADI-M sheet aluminum. The specimen was annealed 
for 3 hours at 480°C and cooled together with the furnace to room temperature. 
A coordinate grid with a spacing of 0.2 mm was then applied photographically 
and extension performed in stages with measurement of 2500 cells in the 

grid on a microscope in each stage. The results of measurement were used 

to construct single and double point laws of the distribution of microdeforma- 
tions, two-dimensional correlation functions of microdeformations, and one- 
dimensional mutual correlation functions of the relationship between micro- 
deformations and macrodeformations, to calculate the parameters of the dis- 
tribution. As macrodeformations increased from 3 to 29% there was an increase 
in the absolute heterogeneity and a decrease in the relative heterogeneity 

of plastic microdeformations. The influence of preliminary extension on 
behavior of the material is retained in subsequent stages of deformation in 
the 6 to 29% macrodeformation range. Figures 4; references 6: all Russian. 
[142-6508 ] 





COMPOSITE MATERIALS 


UDC: 539.3:678.067 


INFLUENCE OF NATURAL EXPOSURE IN SPACE ON PHYSICAL-MECHANICAL PROPERTIES OF 
CARBON REINFORCED PLASTIC 


Riga MEKHANIKA KOMPOZITNYKH MATERIALOV in Russian No 2, Mar-Apr 83 
(manuecript received 5 Feb 82) pp 211-215 


GUNYAYEV, G. M., DUSHIN, M. I., IVONIN, Yu. N., KVACHEVA, L. A., 
MIKHAYLOV, V. V., NIKISHIN, Ye. F. and STARTSEV, 0. V., Moscow 


[Abstract] A study is described of the long-term effect of ionizing radia- 
tion, sunlight unshielded by the atmosphere and the temperature variations in 
space on the physical and mechanical characteristics of a composite to deter- 
mine whether the material can be used in space equipment. The composite, 
standard type KMU-31, was exposed in open space for 304 and 686 days. Partial 
destruction of the binder was observed, causing partial loss of polymer from 
the irradiated surface and a decrease in dynamic elasticity modulus and 

speed of sound. Shielding of the surface with a protective film eliminated 
damage to the surface. Additional cross bonding occurred due to the forma- 
tion of reactive groups, and internal stresses were relieved and the structural 
homogeneity of the binder increased, improving a number of physical and mechan- 
ical characteristics and expanding the usage temperature range and stabilizing 
the physical and mechanical characteristics. In general the material retained 
good operating characteristics and performance over a broad range of tempera- 


tures. Figures 4; references 4: all Russian. 
[128-6508] 











UDC: 621.762 
COMPOSITE MATERIALS WITH ALUMINUM MATRIX REINFORCED WITH CARBON FIBERS 


Kiev POROSHKOVAYA METALLURGIYA in Russian No 4, Apr 83 (manuscript received 
22 Mar 82) pp 59-64 


ZABOLOTSKIY, A. A., VARSHAVSKIY, V. Ya., KARIMBAYEV, T. D. and PAVLOV, V. I., 
Moscow 


[Abstract] After describing two American processes for production of carbon 
fiber plus aluminum matrix composites, the authors describe a process developed 
in Japan and the USSR for metallurgical manufacture of carbon-aluminum composites 
--the method of forced saturation. Fibers are laid in a mold together with 

a powder of the matrix metal or an alloy, the mold is heated until the matrix 
alloy melts, pressure is applied and the composite is held for a time. The 
quality of the material formed is determined by the interaction of the 
components. If the components do not interact sufficiently the material will 
break due to the low strength of the phase division boundary. If the inter- 
action is excessive a major crack will form as the weaker fibers break and 
propagate without hinderance through the division boundary between fiber and 
matrix. The interactions of the components can be changed by changing the 
properties of either the fiber or the matrix. It is mentioned that there are 
extensive programs for the study of the possibility of using carbon-aluminum 
fibers in various areas of technology in the USA. Figures 7; references 10: 

1 Russian, 9 Western. 

[123-6508 } 


UDC: 621.762 
HIGHLY POROUS POWDER-FIBER COMPOSITE MATERIALS 


Kiev POROSHKOVAYA METALLURGIYA in Russian No 4, Apr 83 (manuscript .eceived 
24 Mar 82) pp 53-56 


KOSTORNOV, A. G., FEDOROVA, N. Ye. and CHERNYSHEV, L. I., Institute of 
Material Science Problems, Ukrainian Academy of Sciences 


[Abstract] A study is made of the volumetric changes occurring upon sintering 
of highly porous powder-fiber composites. Their physical-mechanical and hydro- 
dynamic properties are studied. The materials studied were type PNK-1 carbonyl 
nickel powder plus nickel fiber produced by cutting of 50 ym diameter wire. 
High porosity was achieved by introducing a volatiiizing pore forming sub- 
stance--ammonium bicarbonate, particle diameter 0.08-0.125 ym. It is shown 
that volume changes can be significantly inhibited upon sintering of such 
highly porous materials by introducing the fiber into the powder mixture. 

The mechanism of sintering -f powder-fiber composites with over 25% fiber 
content is similar to the mechanism of sintering of pure fiber materials. 

The mechanical characteristics of permeable composite materials are determined 
by the fiber component, the hydrodynamic characteristics by the powder compon- 
ent. Figures 4; references 4: all Russian. 
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ubc: 539.4:539.2:678.067 


FRACTURE MECHANISM OF CARBON AND BORON REINFORCED PLASTICS WITH SHEAR BETWEEN 
LAYERS 


Riga MEKHANIKA KOMPOZITNYKH MATERIALOV in Russian No 2, Mar-Apr 83 
(manuscript received 25 Jun 82) pp 251-256 


KOBETS, L. P., MIKHAYLOV, V. V., amd NADEZHINA, 0. N., All-Union Scientific 
Research Institute of Aviation Materials, Moscow 


[Abstract] Durability of carbon and boron reinforced plastics was studied 
in long term shear stress between layers. Materials with unidirectional 
boron and boron-glass filaments in combination with epoxy polyisocyanate 
binder and carbon fiber with epoxy triphenol, epoxy aniline phenol-formalde- 
hyde and epoxy novolak binders containing a complex of boron trifluoride and 
benzylamide were tested. Additional structural studies will be required to 
allow reliable interpretation of the experimental results. As yet, it can 
be said that when the force field is applied to the composite, the disoriented 
globular structure is oriented, particularly at temperatures higher than the 
temperature at which the physical bonds break down (first glass point). 
Orientation of the block structure in the direction of force application is 
the result of local highly elastic deformation as accompanied by significant 
strengthening of the matrix. The primarily cohesion nature of failture of 
the epoxy-novolak matrix at high load levels results largely from its firm 
mechanical bonding to the fibers. Figures 5; references 11: all Russian. 
[128-6508 ] 


UDC: 624.073.001:678.067 


PLANNING OF PLATES REINFORCED WITH EQUALLY STRESSED FIBERS OF CONSTANT CROSS 
SECTION 


Riga MEKHANIKA KOMPOZITNYKH MATERIALOV in Russian No 2, Mar-Apr 83 
(manuscript received 7 Apr 82) pp 278-284 


BUSHMANOV, S. B. and MENIROVSKIY, Yu. V., Institute of Hydrodynamics, 
Siberian Department, USSR Academy of Sciences, Novosibirsk 


[Abstract] A study is made of plates consisting of an isotropic matrix with 
fibers of constant cross section laid in the planes of the plates. It is 
assumed that the plates have constant thickness and that they are exposed to 
generalized planar stress states. Both phases of the composite are con- 
sidered line .rly elasti-. The problem of planning of a plate reinforced with 
two sets of equally stressed fibers of constant cross section is first studied 
mathematically, after which the problem of planning of a plate reinforced with 
one set of equally stressed fibers of constant cross section is discussed. 

As an example, the planning of a circular plate reinforced with two sets of 
equally stressed fibers of constant cross section is analyzed. Figures 4; 
references 6: all Russian. 
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UDC: 669.715"721+669.781 
INTERACTION OF BORON WITH Al=-Mg SYSTEM ALLOY 


Moscow FIZIKA I KHIMIYA OBRABOTKI MATERIALOV in Russian No 3, May-Jun 83 
(manuscript received 9 Aug 82) pp 142-143 


SHORSHOROV, M. Kh., POTAPOV, V. I., ANTIPOV, V. I., TRUTNEV, V. V., 
AKINFIYEVa, L. A. and POTAPOVA, T. K., Moscow 


[Abstract] A study of the formation of the grain boundary between fiber and 
matrix was performed for fiber composite materials produced by diffusion 
welding in the solid phase and by liquid phase saturation. It was established 
that the products of interaction of boron fibers with an aluminum matrix are 
aluminum borides, primarily AlB5. The boundary between fiber and matrix was 
studied in fiber composite materials produced by pressing in the solid-liquid 
phase at a temperature lying between the liquidus and solidus points of the 
alloy matrix. The influence of pressing parameters on division boundary 

state was studied. In many specimens accumulations of magnesium along the 
fiber-matrix division boundary were found. Analysis of the results showed 
that accumulation of Mg actually occurred in all specimens in which the 
hardening phase was boron fiber without a coating as well as some specimens 
hardened by boron fiber coated with SiC which was broken as a result of inter- 
action with the matrix. The reason for accumulation of Mg along the division 
boundary may be that in the process of pressing at temperatures between the 
liquidus and solidus the alloy of Al plus 6% Mg contains a liquid phase 

which contains significantly more Mg than its genera’ content in the alloy. 
Figures 1; references 4: 3 Russian, 1 Western. 

[149-6508] 


UDC: 669.494 


KINETICS OF FORMATION OF FIBER TO MATRIX JOINT DURING ROLLING OF FIBER 
COMPOSITE MATERIALS 


Moscow FIZIKA I KHIMIYA OBRABOTKI MATERIALOV in Russian No 3, May-Jun 83 
(manuscript received 13 Dec 82) pp 122-130 


AREF'EV, B. A., Moscow 


[Abstract] A study is presented of the kinetics of formation of the joint 
between fiber and matrix in the process of rolling of fiber composite 
materials. The rolling experiments were performed on a quarto mill with a 
roll diameter of 110 mm. Packets assembled of AD] matrix and 0.14-mm-diameter 
boron fiber were rolled. The temperature to which the packets were heated 
before rolling varied from 400 to 550°C at 50°C intervals. A series of 
rolling operations was performed at each temperature, changing the number of 
passes from 1 to 5 in the series. Specimens were taken after each pass and 
subsequently studied for transverse strength. Kinetic analysis was performed 








based on equations suggested in an earlier work. The equations, based on the 
theory of topochemical reactions, were found to be suitable for analysis of 

the kinetics of formation of the bond between fiber and matrix in the rolling 
process. The process of bond formation occurs in two stages: formation of 
physical contact and formation of the bond. Equations are suggested which 

can describe the kinetics of both stages with sufficient accuracy and estimate 
the duration of the process providing the required level of transverse strength 


for composite materials. Figures 6; references 11: all Russian. 
[149-6508] 

















CORROS ION 


UDC: 539.388.1:629.735.33.023:620.193 


PROCESSING THE RESULTS OF FATIGUE TESTING OF STRUCTURAL MATERIALS DAMAGED BY 
CORROSION 


L'vov FIZIKO-KHIMICHESKAYA MEKHANIKA MATERIALOV /n Russian Vol 19, No 2, 
Mar-Apr 83 (manuscript received 15 Mar 82) pp 83-t6 


BORONKIN, N. F., GAYNUTDINOV, R. G., KARLASHOV, A. V., SVINTSITSKIY, A. M. 
and BURDAK, A. A., Kiev Institute of Civil Aviation Engineers 


[Abstract] An exponential equation is suggested to describe the experimental 
~elationship between fatigue durability of pressed corner pieces of V95T1 
alloy and preliminary corrosion test duration. Plates measuring 200 x 35 x 2 
mm were corrosion tested at 18-20°C in a model condensate, and at 42-45°C in 
a 3% sodium chloride solution. It was found that the corrosiveness of the 
two media in terms of their effect on fatigue strength was practically 
identical. An equation is derived which can rather reliably predict fatigue 
durability following exposure to corrosive media. Figures 2; references 10: 
all Russian. 

[124-6508 ] 


upc: 620.193.01 
PASSIVATION OF AMORPHOUS ALLOYS WITH VARIOUS PHOSPHORUS CONTENTS 


Moscow ZASHCHITA METALLOV in Russian Vol 19, No 3, May-Jun 83 
(manuscript received 20 Nov 81) pp 401-404 


VASIL'EV, V. Yu., ZUDIN, M. V. and RODIN, N. N., Moscow Institute of Steels 
and Alloys 


[Abstract] A study was made of the influence of phosphorus content on the 
corrosion of amorphous Fe-Cr-P-C and Fe-Cr-P alloys in hydrochloric acid, 
in which such alloys can be passivated without pitting. The compositions 
Sg 8 Crigo x 7 and Fe 90-x) ~Cr) oF; where x is equal to 9, ll, 13, 
a bz. Specimens i iS one fore. o. strips 20-30 pm thick and i- 3 mm 
ms By were obtained by quenching from the liquid state on a rotating copper 
disk. The amorphous nature of the structure was monitored by x-ray studies 
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and differenti-l scanning calorimetry. Anodic polarization curves were 
measured potentiotatically in 10 minute stages in the active area and 30 
minute stages in the passive area at 25-50 mV from the corrosion potential 
established after 10 minutes of cathodic activation at -0.7 V. All alloys 
containing carbon are anodically passivated in 3 n HCl. With an increase in 
the content of phosphorus in the alloy from 9 to 15% the critical passivation 
current decreases by more than two orders of magnitude. An increase in 
phosphorus content in the amorphous alloy thus helps to increase its passi- 
vation properties. However, this is not the extent of the favorable in- 
fluence of phosphorus. Increasing the content of phosphorus from 9 to 187 

in Fe-Cr-P-C alloys and from 13 to 20% in Fe-Cr-P alloys increases the con- 
centration of HCl by factors of 15 and 4, which cannot be attributed to 
enrichment of the surface with chromium, since the chromium dissolution 
selectivity factor is identical for all these alloys and independent of 
phosphorus content. We must assume that the increase in critical HCl con- 
centration results from structural changes in the amorphous alloys with an 
increase in phosphorus content. Figures 3; references 5: 2 Russian, 

3 Western. 
[141-6508] 








ENERGY EFFECTS 


UDC: 536.422.4 
MATCHED EVAPORATION OF ALLOYS IN A VACUUM 


Moscow FIZIKA I KHIMIYA OBRABOTKI MATERIALOV in Russian No 3, May-Jun 83 
(manuscript received 30 Dec 80) pp 111-113 


KLEBANOV, Yu. D., Moscow 


[Abstract] A study is made of matched evaporation of multicomponent alloys, 
i.e., evaporation without fractionation. Equations are derived which define 
the conditions under which matched evaporation of a multicomponent alloy in 

a vacuum occurs. The specifics of matched evaporation of two- and three- 
component alloys are discussed and it is shown that regardless of the be- 
havior of activity coefficients as a function of composition the status of 
matched evaporation is achieved only after a certain fixed mass of the alloy 
has evaporated. The results produced can be used to optimize the technological 
parameters of the process of producing coatings of assigned chemical composi- 
tion by evaporation in a vacuum. Figures 1; references 3: 2 Russian, 

1 Western. 

[149-6508 } 


UDC: 536.2.01:621.791.75 
THERMAL PHYSICS OF PLASMA ATOMIZATION ONTO FIBER MATERIALS 


Moscow FIZIKA I KHIMIYA OBRABOTKI MATERIALOV in Russian No 3, May-Jun 83 
(manuscript received 7 Jan 81) pp 46-51 


IVANOV, Ye. M. and KUDINOV, V. V., Moscow 


[Abstract] A study is made of the process of solidification of a liquid film 
at the crystallization temperature, a part of the process of producing fiber 
composite materials by plasma atomization of liquid particles onto a micro- 
scopic fiber base. The fiim is applied to a cylindrical substrate at a known 
initial temperature. The liquid film is thus a hollow cylinder with known 
inner and outer radii. Conditions of crystallization of the film due to 

heat transfer into the depth of the cylindrical fiber are mathematically 
studied. This is followed by a mathematical study of the conditions of 
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crystallization of the film from the outside due to radiation cooling into 
the surrounding environment which has a known temperature, less than the 
surface ‘ -mperature of the solidifying film. Equations are produced which 
allow ane ysis of the thermophysical processes involved in plasma atomization 
o.to fibers and a proper approach to the selection of an atomization tech- 
nology in order to produce a strong bond between fiber and matrix. Refer- 


ences 6: 4 Russian, 2 Western. 
[149-6508 ] 


UDC: 539.371:536.42 


DYNAMIC STRESS IN ELASTIC AREAS DEVELOPING UPON INTERACTION OF INTENSIVE 
HEAT FLUXES WITH SOLID BODIES 


Moscow FIZIKA I KHIMIYA OBRABOTKI MATERIALOV in Russian No 3, May-Jun 83 
(manuscript received 18 Jan 82) pp 29-38 


KARTASH9V, E. M., NECHAYEV, V. M., SHMAKOV, V. A. and BARTENEV, G. M., 
Moscow 


[Abstract] This work continues studies on the thermoelastic reaction of 

a solid body which exposed to sudden temperature changes. Two additional 
effects are considered: surface evaporation of the material when exposed to 
concentrated energy fluxes and dynamic effects caused by the movement of 
particles of the solid body during rapid thermal expansion. Internal stresses 
in the surface layer, the effect of the velocity of movement of the boundary 
surface of the body on distribution of internal stresses, time of action of 
inertial effects and errors related to ignoring them and cases of thermal 
effect of pulses are studied. Figures 5; references 10: all Russian. 
[149-6508] 


UDC: 669.018:535.211 
INFLUENCE OF LASER HARDENING ON MECHANICAL PROPERTIES OF TYPE 45 STEEL 


Moscow FIZIKA I KHIMIYA OBRABOTKI MATERIALOV in Russian No 3, May-Jun 83 
(manuscript received 27 Apr 81) pp 21-25 


VELIKIKH, V. S., GONCHARENKO, V. P., ROMANENKO, A. V. and TERENT'YEV, V. F., 
Moscow 


[Abstract] Laser hardening can increase the hardness and wear resistance of 
the surface layer of tool and structural steels. his work studied the in- 
fluence of laser hardening on the mechanical properties of type 45 steel in 
tensile testing. The specimens used had a gage section of 1 x 4, 1.5 x 4 

or 2 x 4 mm and were manufactured of sheet rolled products 5 mm thick. The 
specimens were heat treated before testing by normalization, quenching from 
830°C through water into oil with subsequent tempering at 520°C. Pulsed 
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laser hardening was performed in air with a laser pulse energy of 90 J, 

spot diameter 7 mn, pulse length 8 ms. This created a laser hardened layer 
120 ym in depth. Specimens were tempered after laser hardening at 220°C and 
static tensile testing performed at a deformation rate of 2.5 mm/min with 
simultaneous recording of acoustical emission. Matallorgraphic studies and 
microhardness measurements were also performed. It was found that laser 
hardening caused deterioration of mechanical characteristics including 
tensile strength, yield point and ductility. Laser hardening with subsequent 
tempering caused on improvement in yield point and tensile strength and can 
be used to improve the reliability of parts experiencing static loads. 
Figures 3; references 6: all Russian. 

[149-6508 ] 


HIGH SPEED LASER FORMATION OF SMALL DIAMETER APERTURES IN PRINTED CIRCUIT 
BOARD BLANKS 


Mo cow FIZIKA I KHIMIYA OBRABOTKI MATERIALOV in Russian No 3, May-Jun 83 
(manuscript received 18 Jun 81) pp 16-20 


ZHUK, F. L., LYSOGOROV, 0. S., and CHETVERIKOV, N. I., Moscow 


[Abstract] A study is presented of the process of formation of small diameter 
apertures by the radiation of a CO, laser in an epoxy based glass-reinforced 
plastic widely used in the production of pc boards with layer thickness 0.15 
mm. The glass fraction of the substance has high intrared CO, laser radia- 
tion absorption, improving the quality and effectiveness of laser drilling. 
Conditions of production of holes without metalization were studied which 

met the requirements that laser drilling must be faster than mechanical 
drilling on two-coordinate program-controlled drilling machines (less than 
about 0.2 s). The focusing system for the laser beam was a two-element lens 
designed for minimum aberration. Diagrams of hole shapes preduced by various 
methods of operation are presented. The apertures formed by the laser pulses 
are well-coated by chemical copper from solution and nickel from the gas 
phase, allowing them to be used as contact apertures in PC boards. Figures 
5; references 3: 2 Russian, 1 Western. 

[149-6508] 


14 








UDC: 535.211 


ESTIMATING TARGET TEMPERATURE IN LASER EXPERIMENTS IN NITROGEN AT HIGH 
PRESSURES 


Moscow FIZIKA I KHIMIYA OBRABOTKI MATERIALOV in Russian No 3, May-Jun 83 
(manuscript received 14 Jun 82) pp 12-15 


UGLOV, A. A. and IVANOV, Ye. M., Moscow 


[Abstract] When laser radiation causes the formation of a plasma cloud 

which shields the surface of the target it is important to know the specifics 
of heating of the target, determined in part by the characteristics of the 
plasma cloud. Experiments were described from previous works in which a 
neodymium laser with a pulse length of about 1 ms was used. The time 
specifics of transmission of the laser radiation through the plasma cloud 

are noted. The target is considered to be a semi-infinite body, and the 
problem is studied in its one dimensional statement due to the brevity of 

the time involved, and thermophysical characteristics are assumed to be 
independent of temperature. Numerical calculations are performed for a 
titanium target in nitrogen at high pressure. The results of calculation of 
excess target surface temperature show that the temperature curve has a 
maximum which shifts toward lower values of t with an increase in nitrogen 
pressure. After the temperature maximum is reached, the curve of temperature 
as a function of time changes little at 2 to 3.5*100 W/cm? and the temperature 
drops slightly. There may be a second rising section of the temperature 
curve resulting from the increased significance of target heating due to 
plasma radiation. References 7: all Russian. 

[149-6508 } 


UDC: 620.178.7 
FAILURE OF ALUMINUM ALLOY IN THE PRESPLITTING STAGE 


Kiev PROBLEMY PROCHNOSTI in Russian No 6, Jan 83 (manuscript received 
3 Mar 5&2) pp 45-49 


ROMANCHENKO, V. I., Institute of Strength Problems, Ukrainian Academy of 
Sciences, Kiev 


[Abstract] In order to expand information on the problem of splitting 
fracture caused by the interaction of shock waves in condensed media with 
free surfaces or division boundaries and seek a correlation between crack 
formation and the macroscopic properties of the material, results are pre- 
sented from experiments on the study of presplitting fracture of high 
strength aluminum alloys in the system Al-Zn-Mg type V95 with a simple 
tensile strength of 500 MPa, dynamic yield point 650 MPa, hardness HB=140. 
Targets consisting of aluminum alloy disks 120 mm in diameter and 15 mm 
thick were impacted with a 6 mm aluminum plate accelerated in a pneumatic 
powder installation, with a layer of "soft" standard material consisting of 
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organic glass attached to the rear surface of the target. Oscillograms of 
the experiments at various impact speeds established that macroscopic separa- 
tion of the aluminum alloy occurs at impact speeds of over 270 m/s. At 232 
m/s a major crack can be seen on the section, but separation into parts is 
not observed. At 155 m/s, after etching of the surface, cracks are not seen 
even at 1000 times magnification under a microscope. One characteristic 
feature of the fracture of an aluminum alloy in the presplitting stage is 

the development of cracks and expansion of pores in the direction perpendicu- 
lar to the direction of impact along parallel planes with subsequent merging 
of the tips of cracks at different levels due to shear deformation at an 
angle of close to 90° and formation of a major crack of stepped shape. The 
experimental studies indicate that the energy remaining in the split layer 
during development of fracture is proportional to the surface of the crack 

or the square of its linear dimension. Figures 6; references 20: 14 Russian, 
6 Western. 

{148-6508 ] 


UDC: 539.43 
PREDICTING FATIGUE DURABILITY OF DURALUMIN SPECIMENS 


Kiev PROBLEMY PROCHNOSTI in Russian No 6, Jan 83 (manuscript received 
20 Dec 82) pp 22-24 


PETROV, M. G., Novosibirsk 


[Abstract] According to modern concepts fracture is a thermally activated 
process of accumulation of breaking atomic bonds occurring together with 
thermally activated plastic deformation. Processing of experimental results 
of the fracture of DI6AT under constant stress and deformation rates as a 
thermally active process has shown the applicability of the basic Zhurkov 
durability equation to estimation of long-term strength. This article derives 
equations for the durability, harmonic loading durability, local temperatures, 
strain and fracture rates. Calculated and experimental fatigue curves at 
20°C, frequency 0.67 Hz, minimum stress 20 MPa, cross section of specimens 

2.5 x 10 mm and the frequency 380 Hz, minimum stress 64 MPa, specimen cross 
section about 5 mm are presented. All of the data discussed relate to 
uniaxial extension, and therefore can be applied to structures experiencing 


this type of stress. Figures 2; references 12: all Russian. 
[148-6508 ] 
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NONFERROUS METALLURGY 


FAR NORTH AS SOURCE OF NONFERROUS METALS 
Moscow SOTSIALISTICHESKAYA INDUSTRIYA in Russian 18 May 83 p 2 


[Article by P. Lomako, USSR Minister of Nonferrous Metallurgy: “Equipment for 
the North”"] 


[Text] The Far North, Siberia and the Far East are widely renowned as storehous: 
vf coal, crude oil and ges. But they also represent a raw materials base for 
nonferrous metallurgy. They contain deposits of nickel, cobalt, aluminum raw 
material, platinum, gold and other nonferrous and rare metals without which 
modern industry is inconceivable. Hence the task posed by the 26th party 
congress-—"...ensure an effective economic utilization of the fuel-energy and 
mineral and raw material resources of the eastern and northern regions”--has a 
direct bearing on our subsector. 


The complexity and scale of the iasks being accor plished by this subsector are 
illustrated by the following statistic: the volume of strip mining in 
northeastern USSR and Yakutiya is to increase by a factor of 1.4 toward the end 
of the five-year plan. Great hopes are placed in the BAM [Baykal-Amur Trunk 
Railroad] zone, where the development of such unique deposits as Udokanskoye an 
Ozernoye is intended to provide a mighty ore base for meeting the growing deman 
of the national economy for copper, lead, zinc and other nonferrous metals. 


The road toward the natural wealth of the eastern and western regions runs acro 
the taiga, swamps and permafrost. Complex mining-engineering conditions as wel 
as low temperatures, gusty winds and blizzards pose demanding requirements not 
only to men but to machinery, equipment and instruments. To remeain operable a 
low temperatures, many components and elements of hydraulic, pneumatic and powe 
equipment have to be fundamentally redesigned. What is more, equipment for the 
North has to be provided with warm heated and ventilated cabs and measures have 
to be taken to assure safety and good visibility in inclement weather. 
Comfortable conditions will serve not only to raise labor productivity but alsc 
to reduce sharply occupational diseases and accidents. Increasing the unit pow 
of machinery and equipment also acquires special importance. 


The principal hopes for increasing productivity and improving working conditior 
are associated with the development of technologies for northern climate. 

This also is largely decisive to solving the problem of personnel turnover. Ir 
view of this, the party and the government have taken various measures to deve! 
machinery and equipment adapted to northern climate. Unfortunately, however, tl 
pace at which such equipment is received by our subsector, and sometimes also i 
technical level, leave something to be desired. 
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Thus, for example, the enterprises and organizations of the “inse!l'khozmash 
{Ministry of Tractor and Agricultural Machine Building] and che Minstroydormash 
{Ministry of Construction, Road and Municipal Machine Building] were supposed to 
develop and organize the series production of industrial bulldozers based on the 
T-130 tractor and subsequently also on the T-330 tractor. The production of 
frozen-rock excavating machinery of the vibration-impact type for preparatory 
mine operations was to have been organized by the enterprises of the Mintyazhmash 
[Ministry of Heavy and Transport Machine Building]. The same ministry was also to 
organize the production of drilling machines adapted to northern climate, for 
drilling wells in permafrost soils. And the Minelektrotekhprom [Ministry of the 
Electrical Equipment Industry] had been charged with developing and providing our 
subsector with six types of electrical equipment adapted to northern climate-- 
switches, circuit breakers, mobile transformer substations for quarries. 


Unfortunately, only one of these tasks was accomplished: the SBU-125/KhL drilling 
machine was developed. As for the bulldozer based on the T-330 tractor, built at 
the Cheboksary Plant, it has become the talk of miners. Its designers spent 7 
years on developing it, but it proved practically unfit when operated by the 
enterprises of the Severovostokzoloto [Northeastern Gold Mining] Association. 


It is perfectly clear that such a rate of development and organization of the 
production of equipment adapted to northern climate necessitates using ordinary 
machinery and equipment which gets worn out much more rapidly. For example, some 
excavators and bulldozers operated in the climate of Yakutiya and the Northeast 
become worn out more rapidly by a factor of 1.5 to 2 than their "frost-resistant" 
counterparts. As a result, the subsector not only has to augment extraction at the 
cost of considerable additional material outlays which could have been avoided 

but also is unable to develop a number of new deposits. 


Special mention should be made of quarry motor transport, which accounts for 
more than 90 percent of all transport. This is the most expensive part of the 
technological process of extraction. The related expenditures could be reduced 
only by using more reliable and higher-capacity equipment. But so far vehicles 
adapted to northern climate account for a minor percentage of our motor pool, and 
that percentage is even lower as regards 75- and 110-ton-capacity dump trucks. 

In this respect the makers of BelAZ trucks are in debt to the builders of 


the North. 


Analysis of the performance of motor transport at Northern enterprises shows that 
the principal causes vf its breakdowns stem from inadequate heat insulation of 
engines, low frost resistance of tires, design shortcomings, and shortages of 
“winter” grade fuels and oils. As a result, enterprises have to use their own 
resources to adapt vehicles for operation at low temperatures~--install double 
windows, provide heat for cabs and storage batteries, and install fuel heating 
devices in gas tanks and oil heating devices in engines. All this work, which 

s done almost under jury-rigging conditions, not only increases the vehicle 
maintenance cost but diverts repair services from their normal functions. The 
enterprises of the USSR Minneftekhimprom [Ministry of the Petroleum Refining and 
Petrochemical Industry] and the organizations of the USSR Gossnab should supply 
tires, fuels and lubricants adapted to operating conditions in the North. 


Against the background of these problems, it is hardly to be tolerated chat,for 
example, only one-third of the bulldozers built for operation in northern climate 
have been provided to regions, with such severe climate while the other two-thirds 
ended up in regions where such machines are not needed. The references to lack 
of cpportunities for delivering equipment to northern regions once the navigation 
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season is over merely indicate that the organization of supply needs 
improvement. The reports of machine builders that the low price surcharges for 
equipment adapted to northern climate do not encourage the production of such 
“frost-resistant” equipment are equally unjustified. 


In view of the inter-subsector nature of the problem, the USSR State Committee 
for Science and Technology has proposed the drafting and implementation of a 
comprehensive “Equipment for the North” program. It is hoped that this proposal 
will be supported by all subsectors, both those using the “frost-resistant” 
equipment and those producing it. By uniting effort under this program it will be 
possible to reduce markedly the cost and time of developing such machinery and 
equipment and avoid duplication in the developnent of components, elements and 
systems for specific purposes. It will then also be possible to employ standard 
and modular designs and implement a broad unification. 


The comprehensive nature of this program will serve to transcend the traditional 
notions of frost-resistant equipment. In particular, this concerns the added 
consideration of the energy supply problems of northern enterprises, at which the 
use of high-capacity equipment and new technologies inevitably increases the 
energy demand. As for the shipments of traditional diesel fuel to these regions, 
they entail considerable transport cost. Hence it seems to us that the most 
effective solution of the problem would be the use of small nuclear TETs [heat 
and electric power stations] and boiler plants. 


Designs of autonomous nuclear energy facilities have already been developed. In 
addition to other advantages, each such facility will serve to save up to 20,000 
tons of diesel fuel per year. As regards the development of permafrost placer 
deposits in Yakutiya and the Northeastern USSR, the use of mobile nuclear water- 
heating facilities based on reactors of the ARBUS [expansion unknown] type would 
seem most expedient here. Tests have shown that they serve to prolong the washing 
season markedly and produce tremendous economic benefits. Unfortunately, 
however, the Minenergomash [Ministry of Power Machine Building] is slow to 
organize the series production of these and other facilities. 


The situation as regards equipment for the North brooks no delay. Hence the 
State Committee for Science and Technology and the USSR Academy of Sciences 
should urgently name the main research and planning and design institute that 
would deal with problems of the production and operation of such equipment for 
all subsectors of the national eocnomy. Such an institute should be charged as 
early as this year with the task of developing a distinctive research base for 
the “Equipment for the North” program--a composite plan for the development of 
needed types of machnery and equipment that takes into account the reports of all 
the concerned ministries and departments. 


At the same time, it should be considered that even given the most responsible 
approach, the producing subsectors would be incapable of meeting all the needs 
for equipment for the North within a short period of time. Hence, to make the 
performance of our enterprises more effective, measures should be taken to reduce 
the stoppages and prolong the service life of currently operated machinery and 
equipment. To this end, the manufacturing plants should improve their servicing 
of equipment and establish a network of service centers for helping the 
maintenance and repair organizations and promptly supplying needed spare parts. 


The ambitious tasks of developing the natural wealth of the Far North, Siberia 
and the Far East require the most vigilant attention of not only the makers of 
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equipment for the North but also the staff of the USSR Gosplan, the USSR Gosstroy 
and the USSR Gosenab. As for our subsector, it is ready to take onits share in 
the work on the comprehensive program. A more attentive attitude to the existing 
equipment and a responsible approach to problems of its maintenance and proper 
operation largely depend on us. In a word, the scale of the “Equipment for the 
North” problem is such that it can be solved only through united effort. 


1386 
CSO: 1842/130 
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POWDER METALLURGY 


UDC: 621.315.612.8 
USE OF CONCENTRATED SOLAR ENERGY TO FORM SLIP COATINGS 


Kiev POROSHKOVAYA METALLURGIYA in Russian No 4, Apr 83 (manuscript received 
21 Dec 81) pp 39-42 


KOROL', A. A., KOROL', Ye. A., KASICH-PILIPENKO, I. Ye., VERKHOVODOV, P. A., 
DVERNYAKOV, V. S. and KADYROV, V. Kh., Institute of Material Sciences 
Problems, Ukrainian Academy of Sciences 


[Abstract] The purpose of this work was to obtain melted slip coatings and 
study the structural changes in the coatings and their substrates upon 
simultaneous heating by concentrated solar radient energy fluxes. Well-known 
wear and corrosion resistant TiC-Ni-B and WC-Ni-B coatings 50 to 300 ym thick 
applied by the slip method to flat or cylindrical stainless steel and titanium 
specimens were studied. The specimens were heated in an SGU-5 solar heating 
installation with a 2-m-diameter parabolic mirror concentrator in a process 
chamber with a quartz window under a vacuum. Metallographic analysis revealed 
a finely dispersed heterogeneous structure with no visible porosity, good 
bonding of coating to substrate, and uniform distribution of carbide phase 

in the metal matrix of the TiC-Ni-B coatings on titanium. Results were 
similar for the other coatings, indicating that concentrated solar energy can 
produce coatings with satisfactory surface quality, good density and a frame- 
work structure. The coating interacted with the substrate by diffusion. Most 
of the volume of the substrate underwent no significant changes, indaicating 
good bond strength between coatings and substrate. Figures 4; references 13: 
12 Russian, 1 Western. 

[123-6508] 


UDC: 621.762 


CORROSION PROTECTIVE PROPERTIES OF COATINGS OBTAINED BY HYDRAULIC PULSE 
COMPACTING OF ALUMINUM POWDER 


Kiev POROSHKOVAYA METALLURGIYA in Russian No 4, Apr 83 (manuscript received 
3 May 82) pp 36-68 


POLYAKOV, V. N., LOBASHEV, M. N. and YAKOVLEV, V. B., Moscow 


[Abstract] A study is made of electrochemical and protective properties of 
a hydraulic pulse aluminum coating, plus pure aluminum for comparison in 
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solutions of NaCl and HS. Polarization curves were measured from steady 
potential into the anode and cathode areas. The studies showed that the fine 
grained structure of hydraulic pulse aluminum coatings under high loads (near 
the ultimate strength) has the capability of significant plastic deformation. 
Rotation of grains at normal loading speeds and temperatures can be explained 
by a mechanism of slipping between grains. The grain boundaries apparently 
absorb dislocations located near the grains, leading to relaxation of the 
loads applied. The hydraulic pulse aluminum coating has the following 
advantages over other aluminum coatings: fine grain; good ductility; low 
corrosion rates in many solutions; no brittle intermetallides; good resistance 
to corrosion under stress in hydrogen and sulfur-containing materials. 
Coatings can be applied to parts of any shape without annealing and without 
changing the mechanical properties of the base material. Shortcomings include 
the need for a special explosive installation for application. Figures 4; 
references 3: all Russian. 

[123-6508] 
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TITANIUM 


UDC: 669.295:539.3 
HYDROGEN EMBRITTLEMENT OF TITANIUM AND ITS ALLOYS 


Moscow IZVESTIYA AKADEMII NAUK SSSR: METALLY in Russian No 3, May-Jun 83 
(manuscript received 12 Jan 82) pp 87-92 


KOLACHEV, B. A. and TALALAYEV, V. D., Moscow 


[Abstract] July of 1983 marks 50 years of the metallurgy of light alloys in 
the Soviet Union. This issue of Izvestiya Akademii Nauk SSSR: Metally in- 
cludes survey articles reflecting the history of some of the major problems 
in the metallurgy of light alloys as they have developed in Soviet and 
Western research. This survey article discusses the evolution of the concept 
of hydrogen embrittlement of titanium and its alloys. It is desirable to 
estimate the tendency of titanium toward hydrogen embrittlement on the basis 
of impact toughness, fracture toughness, delayed fracture and cracking tests 
in liquid and gaseous hydrogen. It is demonstrated that the main means for 
controlling hydrogenation is vacuum annealing of titanium structures which 
are particularly susceptible to hydrogen embrittlement. References 30: 

22 Russian, 8 Western. 

[142-6508] 


UDC: 669.295:621.774 
DEVELOPMENT OF A TECHNOLOGY FOR MANUFACTURING THICK WALL VT22 ALLOY PIPE 
Moscow TSVETNYYE METALLY in Russian No 5, May 83 pp 84-86 
GODIN, N. L., DEKUN, A. M. and YEFIMOV, M. V. 


[Abstract] A study is presented of the influence of type of blank, tempera- 
ture and speed parameters of pressing and heat treatment conditions on the 
mechanical properties of pipe. The content of alloying components and 
impurities in the VT22 alloy corresponded to state standard 1.90013-81. 

The temperature of polymorphous conversion determined metallographically was 
880°C. The forged and rolled blanks for pressing were pierced on a horizontal 
hydraulic press at 950°C and deformed on a radial forging machine at 980°C. 
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The pipe templates were heat treated by annealing at 750°C one hour, cooling 
with the furance to 450°C then in air or by annealing by heating to 840°C, 
holding one hour, cooling with the furance at 750°C for three hours, cooling 
in air, then heating to 600°C, holding 4 hours and cooling in air. Photo- 
graphs are presented of the macrostructure and microstructure of the pipes. 
The initial structure of the blanks was found to influence the microstructure 
of the hot pressed pipes. There are uncrystallized areas in some sections 
of the specimens. The most homogeneous @ phase decomposition is observed 
in pipes made from rolled blanks. Pipes made from forged blanks and blanks 
deformed by radial compression show heterogeneous @ phase areas within the 
& grains. The dispersed globular @ phase alternates with plate-like 4 
phase. However, this difference in microstructure does not influence 
mechanical properties with identical heat treatment. The optimal parameters 
for production of VT?22 pipe are: piercing temperature 900-950°C, heating of 
pierced blanks for pressing to 900-950°C, rate of extrusion up to 0.4 m/s, 
heat treatment by the two-stage annealing method described above. 

[131-6508] 


UDC: 620.193.01 


ELECTROCHEMICAL BEHAVIOR OF AMORPHOUS TITANIUM-BASED ALLOY AFTER VARIOUS 
ANNEALING CONDITIONS 


Moscow ZASHCHITA METALLOV in Russian Vol 19, No 3, May-Jun 83 
(manuscript received 26 Aug 82) pp 398-400 


TOMASHOV, N. D., SKVORTSOVA, I. B., BUDBERG, P. B., MOLOKANOV, V. V. and 
ALISOVA, S. P., USSR Academy of Sciences, Institute of Physical Chemistry, 
Institute of Metallurgy 


[Abstract] The object of the study was a eutectic alloy of Ti-Ti,Ni-Ti,Cu- 
TigSt with the following composition, at %: Ti 66.1, Ni 21.2, Cu 9.75, 

Si 3.95, crystallization temperature 540°C. In addition to x-ray structural 
determinations, the electrochemical behavior of the alloy in the crystalline 
and amorphous states without annealing and after annealing of the amorphous 
alloy according to three conditicus was studied. The conditions were: 360° - 
15 minutes (1), 360° - 10 hours (2) and 420° - 100 hours (3). Experiments 
were performed on a stiip 38 ym thick and 5.5 mm wide obtained by cooling the 
melt at about 105°C/sec on a cylindrical rapidly rotating copper surface. 

The results of the study indicate that the electrochemical characteristics 

of amorphous alloys are quite sensitive to structural changes occurring in 
these materials as they are heated and, in addition to other physical methods 
such as differential-thermal, resistometric and dilatometric methods, can be 
successfully used to evaluate the general thermal stability of the amorphous 
state, particularly to record the very initial stages of breakdown of the 
amorphous state. Figure 1; references 4: 3 Russian, 1 Western. 

[141-6508] 
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UDC: 669.017.3 
GENERATION OF REACTIVE STRESSES IN TiNi ALLOY 


Kiev PROBLEMY PROCHNOSTI in Russian No 4, Apr 83 (manuscript received 
17 Mar 82) pp 72-74 


LIKHACHEV, V. A., MASTEROVA, M. V., MARSHALKIN, A. N., and MAKAROV, I. Yu., 
Leningrad State University 


[Abstract] A study is made to determine what portion of the deformation 
arising under increasing stress conditions is converted to plastic deforma- 
tion of the austenitic phase and what portion is expended in heating for 
relaxation effects during the martensite 4austenite reaction or in the 
martensitic state in alloys with reversible martensitic transformation. 
Studies were performed on TiNi of equiatomic composition with martensitic 
conversion temperatures M.=270K, Mg-200K, A,=300K and Ag=370°K. A twisting 
machine was used to avoid the secondary influence of thermal expansion and 
phase conversion dilation. It was found that under conditions under which 
reactive stresses occur, deformation of shape memory is expended primarily 
in plastic deformation of the austenitic phase, the loss being as if the 
reactive stresses developing were related exclusively to isothermic loading 
of austenite. The physical basis for this distribution of work is not 
determined. Figures 4; references 11: 5 Russian, 6 Western. 

[125-6508 } 


UDC: 669.295'24:548.76].73.295 
HIGH TEMPERATURE SHAPE MEMORY IN TITANIUM NICKELIDE 


Sverdlovsk FIZIKA METALLOV I METALLOVEDENIYE in Russian Vol 55, No 4, Apr 83 
(manuscript received 22 Mar 82) pp 814-816 


LIKHACHEV, V. A. and MASTEROVA, M. V., Leningrad State University imeni 
A. A. Zhdanov 


[Abstract] A variety of high-temperature shape memory in titanium nickelide 
alloyed with iron to decrease martensitic transformation temperature is 
reported. It is shown that this high temperature shape memory is not caused 
by the typical B19-B2 or R+B2 reaction, but most probably is initiated by 
the transformation TiNi(II)-»TiNi(I). Final determination of the nature of 
the phenomenon requires further mechanical and structural studies. However, 
in any case the effects discovered enrich the arsenal of properties of 
titanium nickelide, expanding its technical capabilities. Figures 3; refer- 
ences 4: 2 Russ.an, 2 Western. 

[126-6508] 
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UDC: 669.295.5:539.219.3 


STUDY OF ALLOYING ELEMENT REDISTRIBUTION UPON DIFFUSION ANNEALING OF 
TITANIUM ALLOYS ‘ 


Sverdlovsk FIZIKA METALLOV I METALLOVEDENIYE in Russian Vol 55, No 4, Apr 83 
(manuscript received 2 Nov 81; in final form 9 Aug 82) pp 749-753 


POPOV, A. A., ANISIMOVA, L. I., VINITSKIY, A. L., DENISOV, Yu. P. and 
LAPIN, 0. G., Urals Polytechnical Institute imeni S. M. Kirov 


[Abstract] An attempt was made to model the process of @ to @ conversion 
under isothermal conditions for titanium alloys with varying content of & 
stabilizing elements. Metallographic studies show that the interphase 
boundary moves in the’ phase direction with increasing annealing time, a 
result of the diffusion of @ stabilizing elements molybdenum and chromium 
into the pure titanium. In the diffusion zone between the welded seam and 
the new position of the phase division boundary a # phase layer is formed 
which is poor in the alloying element which undergoes martensitic conversion 
upon hardening. The depth of penetration of chromium into the a phase is 
practically independent of annealing time. The position of the Matano plane 
coincides with the position of the welded seam for annealing in the tempera- 
ture-time interval studied. The movement of the division boundary results 
from diffusion of chromium and aluminum and is not controlled by boundary 
processes. Figures 2; references 6: all Russian. 

[126-6508 ] 


UDC: 669.293.5:539.143 
RELATIONSHIP OF STRUCTURE WITH CYCLIC CRACK RESISTANCE OF @ -TITANIUM ALLOYS 


Moscow IZVESTIYA AKADEMII NAUK SSSR: METALLY in Russian No 3, May-Jun 83 
(manuscript received 22 Jun 82) pp 146-149 


BOCHVAR, A. G., TERENT'YEV, V. F. and KOGAN, I. S., Moscow 


[Abstract] A study is made of the influence of structure on the kinetics of 
fatigue failure of titanium alloys. Sheets of type VTI-0O technical titanium 
and OT4-1 titanium alloy 0.5-0.7 mm thick produced by the standard technology 
under plant conditions were studied. Impurities present included 0.3% Fe, 
0.15% Si, 0.15% 0, 0.015% H, 0.05% N, plus 1.0-2.5% Al and 0.8-2.0% Mn in 

the OT4-1 alloy. Some of the specimens were subjected to # annealing at 
970°C in a vacuum, 1 hour, cooling with the furnace. The fatigue properties 
were studied both on smooth specimens and specimens with stress concentrators. 
Mechanical properties were determined on an Instron TT-DM at 20-25°C. Optical 
and scanning electron microscope studies of fracture surfaces were performed. 
The limited durability of flat specimens with a notch was greater in 

annealed structures, while that of smooth specimens was greater as delivered. 
Alloyed titanium is more durable than technical titanium. There is a great 
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difference in the mechanisms of propagation of fatigue cracks as a function 
of structural state. For fine grained material with globular structure 
crack growth shows viscous fracture in all stages. In large grained material 
with plate-like structure there is mixed brittle and viscous fracture. 


Figures 4; references 8: 5 Russian, 3 Western. 
[142-6508] 


UDC: 669.295:539.4.015 
INFLUENCE OF PRESSING CONDITIONS ON FORMATION OF TITANIUM ALLOY STRUCTURE 


Sverdlovsk FIZIKA METALLOV I METALLOVEDENIYE in Russian Vol 55, No 5, May 83 
(manuscript received 23 Aug 82) pp 990-995 


DEKUN, A. M. and SCHASTLIVTSEV, V. M., Institute of Metal Physics, Urals 
Science Center, USSR Academy of Sciences 


[Abstract] A study is made of the influence of initial grain structure and 
deformation conditions, particularly the rate of flow of metal and con- 
figuration of matrix channel, on formation of structure during pressing of 
titanium alloys. Uniform metal flow conditions were created by practically 
complete elimination of friction over the surface of the working tool by 

the use of glass lubricant. The drawing factor of the profile and bar was 
equal to 14. Profiles were pressed at flow rates of 0.2 to 1.5 m/s, bars 

at 0.2 m/s. Blanks were heated in all cases to 930°C. Profiles were 

pressed from a 200-mm-diameter bar and ingots of the same chemical composi- 
tion obtained by vacuum arc welding. Twenty-five-mm-diameter bars were 
pressed from rolled bars 90 mm in diameter and ingots. The ingots were 
obtained from pressed bars by remelting in a vacuum arc furnace. This 
eliminated the influence of chemical conposition. The macrostructure and 
microstructure of the alloys was studied showing that the changes in structure 
observed in macrosections car be explained by assuming that they occur in the 
process of pressing itself. The initial grain size of blanks has no 
significant influence on the formation of the final structure of the titanium 
alloys where uniform metal flow conditions are produced in pressing. The 
speed of flow of the metal and configuration of the die channel greatly 
influence the formation of the structure of the final product. Conditions 
which facilitate more uniform distribution of stresses in the deformation 
focus, effective dynamic recrystallization and the production of a fine 

grain structure are optimal. Figures 4; references 9: all Russian. 
[147-6508 ] 
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UDC: 621.791.4:539.378.3.002: 
669.295 


OPTIMIZATION OF INITIAL MICROSTRUCTURE OF OT4-1 ALLOY ELEMENTS JOINED BY 
DIFFUSION WELDING 


Kiev AVTOMATICHESKAYA SVARKA in Russian No 5, May 83 (manuscript received 
9 Mar 82: in final form 10 Jan 83) pp 26-27 


PESHKOV, V. V., candidate of technical sciences, and KUDASHOV, A. O., 
engineer, Voronezh Polytechnical Institute 


[Abstract] A study is made of the possibility of increasing tensile strength 
where the ratio of filler thickness to shell thickness of a composite is 

over 0.35 for load-bearing composite shells with a honeycomb filler. Two 
means of increasing quality of such diffusion welded structures are suggested: 
1) the use of shells of a material with equiaxial fine grained microstructure 
and a structurally heterogeneous filler with course grained microstructure 

in the volume and equiaxial fine grained structure in the surface layer, 
which participates in the formation of the welded joint; 2) the use of a 
shell of a material with course grained plate structure, a filler of the same 
structure as in case 1. The former method is found to be more effective. 

A structurally heterogeneous filler can be obtained by preliminary heat 
treatment of blanks with an oscillating unfocused electron beam. Figures 

3; references 2: both Russian. 

[136-6508] 


UDC: 621.791.052:621.785.3:539. 
43:669.295 


INFLUENCE OF CONDITIONS AND MEDIUM OF ANNEALING ON SHORT-TERM STRENGTH AND 
FATIGUE RESISTANCE OF WELDED JOINTS IN OT4 TITANIUM ALLOY 


Kiev AVTOMATICHESKAYA SVARKA in Russian No 5, May 83 (manuscript received 
13 Apr 82; in final form 6 Oct 82) pp 21-25 


MURAV'YEV, I. I., candidate of technical sceinces, KOLOMENSKIY, A. B., 
engineer, Voronezh, KOLACHEV, B. A., doctor of technical sciences, 
SHEVCHENKO, V. V., candidate of technical sciences, Stupino, Moscow Oblast 


[Abstract] The characteristics of fatigue resistance of welded joints in 
OT4 alloy after complete annealing in air and at low pressure are compared, 
and certain factors leading to a change in the endurance limit of joints are 
analyzed. The first stage involved experimental testing of welded joints 
after various versions of incomplete annealing. The endurance of welded 
joints annealed at low pressure and 550°C, 2 hours was found to be no higher 
than that of joints annealed in air under the same conditions. When annealed 
at atmospheric pressure 500°C, 2 hours and 550°C, 1 hour, endurance was 
higher. The differing effects of incomplete annealing in terms of fatigue 


28 








resistance of joints can probably be explained not only by the varying degree 
of surface gas saturation, but also by structural changes. A decrease in 
fatigue resistance after annealing 2 hours in air at up to 500°C and 1 hour 

at up to 550°C apparently results from an increase in the thickness of the 
brittle oxide film. Where there are no rigid limitations in terms of residual 
welding stresses it is desirable to anneal in air at 450 to 500°C, 2 hours 

in order to increase strength and fatigue resistance. Figures 6; references 
9: all Russian. 

[136-6508] 


UDC: 669.295.5'71'28'296 


DISTRIBUTION OF ALUMINUM, MOLYBDENUM AND ZIRCONIUM AMONG PHASES IN Ti-Al-Mo-Zr 
ALLOYS 


Moscow IZVESTIYA AKADEMII NAUK SSSR: METALLY in Russian No 3, May-Jun 83 
(manuscript received 16 Jun 81) pp 219-222 


NARTOVA, T. T., TARASOVA, O. B., and MILIYEVSKIY, R. A., Moscow 


[Abstract] A study is presented of the distribution of the neutral element 
zirconium in combination with aluminum and molybdenum (4 and PB stabilizers) 
among @ and @ phases in Ti-Al-Mo-Zr alloys and their mutual influence on 
solubility of titanium alloys in the polythermic cross sections Ti-2Mo-3Zr-Al 
and Ti-0.5Mo-3Zr-Al in the system Ti-Al-Mo-Zr. Studies were performed by 
micro x-ray spectral analysis on the "Cameca" M-46 microanalyzer with an 
accelerating voltage of 20 kV using the AlX,,_, TiK,,. and Zrkj_ lines of 

of the x-ray characteristic spectrum. Aluminum and molybdenum were found to 
be distributed nonuniformly between the ¢€ and #@ phases. The nonuniformity 
factor for molybdenum was 2-13, for aluminum 1.2-1.4 Zirconium acts as a 
stabilizer. The action of zirconium as a # stabilizer increases with an 
increase in molybdenum concentration and decreases with an increase in 
aluminum concentration in the alloys. Figures 3; references 10: all Russian. 
[142-6508 ] 
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WELDING 


UDC: 621.791:624.074.4-436:620.191. 38: (539. 38+539.4.014] 


STUDY OF SPECIFICS OF FORMATION OF STRESS AND STRAIN IN MAKING CIRCULAR WELDED 
JOINTS IN ALUMINUM ALLOY ENVELOPES 


Kiev AVTOMATICHESKAYA SVARKA in Russian No 4, Apr 83 (manuscript received 
1 Sep 82) pp 1-10 


LOBANOV, L. M., candidate of technical sciences, PAVLOVSKIY, V. I., 
engineer, KASATKIN, B. S., corresponding member, Ukrainian Academy of Sciences, 
Institute of Electric Welding imeni Ye. 0. Paton, Ukrainian Academy of Sciences 


[Abstract] A study is presented of the influence of preliminary elastic 
flexure of a spherical shell on deformation kinetics of shaped change, dis- 
tribution of plastic shortening deformation and residual stress in the zone 
of thermal influence of a circular welded joint. The experiments were per- 
formed on circular elements of spherical shells with a radius of curvature 
R=880 mm and thickness H=6.7 mm to which flanges 300 mm in diameter were 
welded in a single pass. The deformation kinetics were significantly 
different in shell and flange, even though the maximum heating temperatures 
of the points studied on the shell and the flange were identical (550°K). 
Preliminary elastic flexure creating circular stress in tne shell decreases 
elastic-plastic deformation upon welding. The residual stress state features 
slight membrane and great bending components, particularly in the meridional 
direction. Preliminary elastic flexure can compensate for welding displace- 
ment of the shell and thus reduce residual stresses by 15 to 20%. Figures 
7; references 7: all Russian. 

[127-6508] 


UDC: 621.791.052:669.295:539.43.001. 36 
COMPARATIVE ESTIMATE OF CYCLIC STRENGTH OF WELDED JOINTS IN TITANIUM ALLOYS 


Kiev AVTOMATICHESKAYA SVARKA in Russian No 4, Apr 83 (manuscript received 
15 Jun 82; in final form 16 Aug 82) pp 16-18 


GRIGOR'YANTS, A. G., doctor of technical sciences, FLORINSKIY, Yu. B., 
MORYAKOV, V. F., KVASHA, Yu. N., candidate of technical sciences, Moscow 
Higher Technical School imeni M. E. Bauman 


[Abstract] Results are presented from a comparative estimate of the cyclic 
strength of joints in PT-3V titanium alloy made by three welding methods: 
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argon-arc welding, electron-beam welding and laser welding. Optimal conditions 
were selected, assuring through melting of the 250 x 40 x 5 mm plates and 
eliminating visible defects. Specimens were tested by alternating f exure 

at room temperature, the specimen oscillating at resonance. An electro- 
magnet was used to impart additional oscillation to the beam carrying the 
specimen. The oscillating frequency, 100 Hz, imitated conditions under 
which the products made of these alloys would be used. It was found that the 
laser welded specimen had superior mechanical properties, primarily as a 
result of increased dispersion of seam and near-seam zone metal and more 
compact placement of @' phase plates, which are dislocation barriers. 
Figures 3; references 7: all Russian. 

[127-6508 ] 


UDC: 621.791.754'293.048:669.295 


INFLUENCE OF FLUORIDE FLEXES ON SEAM POROSITY WHEN TITANIUM IS WELDED IN 
ARGON WITH INFUSIBLE ELECTRODE 


Kiev AVTOMATICHESKAYA SVARKA in Russian No 4, Apr 83 (manuscript received 
1 Jul 82) pp 34-38 


ZAMKOV, V. N., doctor of technical sciences, Institute of Electric Welding 
imeni Ye. O. Paton, Ukrainian Academy of Sciences, and TSEYGER, Ye. N., 
candidate of technical sciences, Northwestern Extension Polytechnical 
Institute 


[Abstract] In order to determine the processes which help to prevent 
porosity during welding using refractory halides, a study was made of the 
effect of fluorides of magnesium, calcium, strontium and barium and of ANT- 
23A, ANT-25A and FAN-1 fluxes. The influence of these substances on the 
compactness of seams and hydrogen content in the cast metal was studied. 
VT1-O 5-mm-thick sheet technical titanium was welded without separating the 
edges using yttrium-treated tungsten electrodes in high grade argon. No 
welding wire was used. It was found that BaFo and SrFy decreased porosity 
only slightly, CaF) being more effective. MgF») greatly reduces the number 
of pores (by 70 to 80%). There were no pores at all in seams welded with 
fluxes. Consequently the use of fluoride fluxes in argon arc welding of 
titanium inhibits desorption of hydrogen from the welding bath and bonds it 


into insoluble TiF Hy compounds, decreasing the probability of development 
of gas bubbles in fh liquid titanium and thus preventing the formation of 


pores in the seam metal. Figures 3; references 16: all Russian. 
[127-6508] 
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UDC: 621.791.753.5.021 
TECHNOLOGY OF WELDING WITHOUT EDGE CHAMFER IN 1LOKhHSND STEEL 10 TO 40 mm THICK 
Kiev AVTOMATICHESKAYA SVARKA in Russian No 4, Apr 83 pp 70-71 
LYAKH, L. V. amd GULYAR, A. V., engineers 


[Abstract] A technology is described which is used at the Urals Machine 
Plant to produce high quality seams when welding LOKhSND steel. The process 
involves bilateral welding without a gap in flux for sheets 10 to 30 mm 
thick, with a gap of ae mm for 30- and 40-mm sheels, the gap filled with 


2.0-mm metal crumb made by cutting welding wire 2.0 mm in diameter. The gaps 
are manually filled with crumb pressed in flux. Figures 1; reference: 


l Russian. 
[127-6508] 


UDC: 621.791.09:621.785:669.295 


IMPROVEMENT IN PROPERTIES OF WELDED JOINTS OF VT22 TITANIUM ALLOY BY THERMAL 
CYCLING 


Moscow SVAROCHNOYE PROIZVODSTVO in Russian No 5, May 83 pp 15-17 


LYASOTSKAYA, V. S., candidate of technical sciences, KULIKOV, F. R., engineer, 
KIRIKKOV, Yu. G., engineer and RAVDONIKAS, N. Yu., engineer 


[Abstract] Results are presented from studies of the influence of thermal 
cycling on the structure and properties of butt welded joints in pipe 
(outside diameter 180 mm, wall thickness 20-25 mm) of VT22 alloy. The joints 
were produced by multiple pass automatic argon arc and electron beam welding. 
Thermal cycling resulted in the formation of a substructure with dispersed 

a@ phase segregations, and subsequent heat treatment caused processes of 
polygonization and recrystallization of & and B phases, changing the 
parameters of the structural components and fine structure of the phases. 
Thermal cycling with hardening heat treatment or annealing results in an 
increase in strength, and with annealing also increases ductiiity and tough- 
ness of VT22 alloy welded joints. Figures 2; references 6: all Russian. 
[132-6508 ] 
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UDC: 631.791.4.03:621.771:669,.295 
EXPLOSIVE WELDING IN THE MANUFACTURE OF TITANIUM SHELLS 
Moscow SVAROCHNOYE PROIZVODSTVO in Russian No 5, May 83 pp 9-10 


DENYACHENKO, 0. A., candidate of technical sciences, ROMANIV, V. I., engineer, 
Severodonetsk Branch, Scientific Research Institute of Chemical Machine 
Building 


[Abstract] The capabilities of explosive welding are demonstrated on the 
example of manufacture of titanium shells from sheet rolled products. The 
method is based on a combined method of producing a joint, including welding 
by melting and explosive welding. A longitudinal butt seam is preliminarily 
rolled and welded by argon arc welding by the usual technology. The outer 
surface in the area of the seam is then ground to a certain depth over the 
entire length to produce a flat area, which a sheet titanium plate is welded 
explosively. The ordinary parallel system widely used to produce flat joints 
is used. Photomicrographs of the surface are presented. Comprehensive 
analysis of the data obtained indicated the optimal welding conditions, 
yielding no division boundary in the welded joints and a strength of about 
650 MPa. This ideal technology is not specifically described. Figures 1; 
references 4: all Russian. 

[132-6508 ] 


33 

















MISCELLANEOUS 


DISCUSSION OF SUPERPLASTICITY EFFECT 


Moscow PRAVDA in Russian 28 Apr 83 p 3 


[Article by A. Tikhonov, doctor of tachnical sciences, senior scientific associate, 
Institute of Metallurgy imeni A.A. Baykov, USSR Academy of Sciences, and A. Bazyk, 
candidate of technical sciences, associate professor, Tula Polytechnic Institute: 
"The Superplasticity Effect") 


[Text] The replacement in machine building of production proces- 
ses based on the cutting of metals with economical shaping methods 
is one of the important goals stipulated in the decisions of the 
26th CPSU Congress. Here, in particular, we are talking about the 
working of metals with pressure, which makes it possible to reduce 
the amount of material wasted during the production process. What 
are the capabilities of this technology, and what are the pros- 
pects for it that we can already see today? It is far from being 
the case that all metals and alloys are sufficiently plastic and 
can be deformed easily. 


From the viewpoint of plasticity, the materials used most widely in machine building 
can be divided into two groups. The first includes easily deformed structural 
steels and alloys from which it is not very difficult to produce blanks and parts by 
precision, closed-impression die forging. Such forging, which is used at the 
Gor'kiy Automobile and Minsk, Chelyabinsk and Khar'kov Tractor Plants, makes it pos- 
sible to save 10-20 percent of the metal. 


The second group includes materials having high strength, resistance to heat, a long 
service life and other properties that increase the service life of machines and re- 
duce their weight. They include steels, alloys and composite materials obtained by 

both traditional methods and powder metallurgy. It is not easy to work them by cut- 
ting, but it must be done. In connection with this, a significant part of the metal 
is converted into shavings and there is a sharp increase in cutting tool consumption 
and labor expenses. 


The more extensive utilization of the effect of superplasticity of metallic materi- 
als can lighten the situation. This property of those materials promises practical- 
ly unlimited possibilities for manufacturing parts and precision blanks from steels 
and alloys that are difficult to deform, through the use of closed-impression die 
forging. In the superplastic mode, it is even possible to use those production pro- 
cesses that under normal conditions are considered to be impossible or extremely 
difficult to use. 
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What is the essence of this phenomenon? It is the capability of metallic materials 
with a specially prepared (by heat treatment or alloying) microstructure to mani- 
fest, under certain conditions, unusually high “pliability” when acted upon by mini- 
mal forces. The honor of discovering and making the first study of this physical 
phenomenon belongs to an Englishman, K. (Pirson), and the Soviet scientists A. 
Bochvar and 2. Sviderskaya. This discovery marked the beginning of one of the most 
important fields in metalworking: the creation of fundamentally new production pro- 
cesses. 


The first practical use of the superplasticity effect was found in the United 
States. Based on the work done by Academician A. Bochvar and other Soviet investi- 
gators, American specialists mastered a number of new shaping processes on industri- 
al scales as far back as the 1960's. They included single-pass, precision closed- 
impression die forging of complex blanks for gas turbine engines (such as a turbine 
disk with blades), draw-plateless drawing, and the production of motor vehicle body 
parts, computer housing and aviation parts from aluminum and titanium alloys by air 
or gas pressure. These processes proved to be so efficient that superplastic alloys 
based on nickel, titanium, aluminum, magnesium, zinc and other metals were created. 


In our country the superplasticity effect has been studied particularly intensively 
in the last decade. Integrated investigations of the structure of metallic materi- 
als and the nature of the effect were carried out at the USSR Academy of Sciences’ 
Institute of Metallurgy imeni A.A. Baykov and its base laboratories at the Tula 
Polytechnic Institute and the Mordovo State University, at the Central Scientific 
Research Institute of Ferrous Metallurgy imeni I.P. Bardin, Leningrad University, 
the Moscow Aviation Technological and Ufa Aviation Institutes, the Moscow Institute 
of Steel and Alloys, and branch scientific research institutes and enterprises. It 
was established that the superplasticity effect manifests itself in almost all ma- 
chine building alloys based on iron, titanium, aluminum, nickel and zinc, including 
tool and heat-resistant steels and alloys that are difficult to deform, brittle cast 
alloys and composite, metal-ceramic and ceramic materials, including those produced 
by powder metallurgy methods. 


On the basis of these investigations, fundamentally new production processes have 
been created and introduced: the production of shaped parts from materials that are 
difficult to deform by draw-plateless drawing, vacuum and gas shaping of hollow 
parts with complicated shapes from sheet bars, precision closed-impression die forg- 
ing of complex items from light alloys, solid-phase welding, the production of fi- 
brous composite materials and bimetals by milling. 


The superplasticity effect found its most widespread use in the working of metals 
with pressure. The fact of the matter is that it is not only that it is possible to 
produce large deformations with one application of minimum force, but at the same 
time the material is formed with a special microstructure that improves its mechani- 
cal properties substantially. This ofiers extensive opportunites for improving the 
operational characteristics of goods. 


For example, the molding of shaped goods from titanium alloys in a superplastic 
state, followed immediately by tempering, increases the strength, plasticity and re- 
sistance to brittle failure to a much greater degree than can be achieved by stan- 
dard thermomechanical working. It is not only easy to deform many naturally brittle 
cast alloys when they are in a superplastic state, but also, in connection with 
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this, their structure is changed so favorably that subsequent cold deformation be- 
comes possible. This feature served as the basis for the development of methods for 
producing foil as thin as 10 microns from cast Silumin (an aluminum-silicon alloy). 
Silumin foil is now used widely technologically. 


Parts and elements made of light alloys are used in many branches. It has been sug- 
gested that the use of aluminum designs in the construction of agricultural product 
storage facilities during this five-year plan. It appears that it is more feasible 
to replace shaped and rolled goods made of high-quality, light structural alloys-- 
particularly in designs meant to carry only light loads--with shaped goods made from 
Silumin. Primarily, this means greenhouse frameworks, light storage facilities, 
trade pavilions and decorative elements of building facades and interiors. This 
will reduce the consumption of high-quality, light structural alloys and produce a 
significant economic effect. 


Here is yet another example. It is a well-known fact that the coefficient of utili- 
zation of metal is particularly low in the production of cutting tools such as ream- 
ors, drills and milling cutters. It varies from 15 to 65 percent. Consequently, 
overy year more than half of the expensive (2,000-3,000 or more rubles per ton) 
steels winds up as shavings. Remelting it for repeated use is more expensive, by a 
factor of about 2.5, than manufacturing a tool from standard rolled goods. In tool 
production, the percentage of precision blanks produced by working metal with pres- 
sure is still very small because of the low plasticity of tool steels and the diffi- 
culty of deforming them. 


Investigations carried out in the base laboratory at Tula Polytechnic Instit te 
showed that some tool and basic high-speed steels are superplastic. As far as high- 
speed steels are concerned, for those produced by powder metallurgy methods this ef- 
fect is greater than for ones produced by hot rolling. The laboratory has developed 
the principles of the technology for precision, closed-impression die forging and 
processes for manufacturing precision blanks for tool production. Using the new 
technology, high-speed steels in a superplastic state, in blanks of an arbitrary di- 
ameter, can be used with low-powered presses, in one pass and at low temperatures, 
to produce precision shaped goods of any required dimensions for the manufacturing 
of milling cutters, reamers and other tools, to “clench” thin disks for face-and- 
‘ide cutters, and to broach and extrude deep hollows with an arbitrary configuration 
in matrix blanks. In connection with this, the coefficient of metal use increases 
to 85-97 percent and the labor-intensiveness of the working drops by 15-25 percent. 


When deformed in a superplastic state, steel's flexing strength is increased by a 
factor of 1.3-1.5 and the durability of a tool is increased by a factor of 1.8-2.2. 
These processes are now being introduced in the machine building plants in Tula. 
They do not require special equipment--series-produced presses for the forging of 
plastic goods are suitable. 


l' has been established that high-speed steels that have undergone electric-slag re- 
melting retain their superplastic properties. This makes it possible to reuse them 
and convert tool production into a process with little waste. 


Thus, the use of the phenomenon of superplasticity is opening broad horizons in the 
working of metals. It is difficult even to imagine what a huge economic gain can be 
obtained. Unfortuantely, this promising field is still being developed slowly and 
is not being realized very well in industry. 
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This is the result of many factors. However, in order to speed matters up, this 
promising physical phenomenon needs first of all to be studied extensively and com- 
prehensively. Meanwhile, the significant gaps in the investigation of the super- 
plasticity of most metals and alloys are making themselves felt, and little work is 
being done for the creation of appropriate materials with properties specified in 
advance. Actually, it is possible to achieve the superplasticity effect in any 
groups of steels and alloys by rational selection of the alloying elements and pre- 
liminary treatment, particularly through the use of powder metallurgy methods. 


It appears that in the development of materials for the new technology in general, 
they should be made superplastic, thereby using low-waste methods for producing 
parts and precision blanks from them. 


In order to achieve all this, however, we need an experimental base that would make 
it possible to carry out a large amount of research, develop superplastic materials, 
and create technological equipment and fittings. No such base yet exists. 


un the other hand, the scientists and developers of these production processes are 
themselves not propagandiging their achievements very well. Therefore, it is not 
surprising that industry does not have at its disposal the information about the 
possibilities and advantages of working steels and alloys in a superplastic state 
and the equipment and experience required to do it. 


All of these questions required an integrated answer. In our opinion, the USSR 
State Committee for Science and Technology and the metallurgical and machine build- 
ing ministries should pay special attention to the problem of superplasticity and 
create the conditions for its integrated solution. 


11746 
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IMPROVING THE JESIGN OF MULTILAYER PIPES 
Moscow STROITEL'STVO TRUBOPROVODOV in Russian No 4, Apr 82 pp 21-24 


[Text] Production of multilayer steel pipe for gas pipelines up to 1420mm 
in diameter, designed for pressures of 10 to 12 MPa, has‘now begun. The 
multilayer wall structure, when properly designed, assures high reliability 
of pipes, primarily due to the reduced danger of sudden failure. 


However, multiple layers give these pipes certain special properties 

which under certain conditions may have a negative influence on their 
performance. Special design decisions are required to limit these negative 
influences. We must consider the possibility of a leak in the inner 

layer. In this case the gas penetrates into the gap between the first 

and second (counting from the inside) layers of the shell. The pressure 

in the gap becomes as great as the pressure in the pipe and the first 
layer is no longer functional, resulting in an overload on all subsequent 
layers. This process is accompanied by gradual elevation in stress. 


To prevent these problems, TU 14-3-629-77 calls for several perforations 
to be made in each shell, passing through all layers except the innermost 
layer (Figure 1). 


Gas entering the gap through any leak in the inner layer of the pipe 

will pass on out into the atmosphere through these perforations. If 

there are small leaks, i.e., if the choking effect is high in the leaks 
through the damaged first layer, so that the flow of gas is small, a 
static pressure is created in the apertures and the gaps between layers 
which communicate with them, differing little from atmospheric pressure, 
and the supporting effect of the outer layes is maintained. This is 

the basis of the system of collection of leaks in the walls of multilayer 
reservoirs and high pressure vessels. For main gas pipelines, perforation 
apertures do not prevent penetration of high pressure into the gaps between 
layers. As a result of internal corrosion, and also the development 

of defects in the base metal and welded seams in the first and outer 
layers, leaks with higher throughput capacity may develop. 
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Calculations have shown that when defect sizes are comparable to the 
dimensions of the cross section of the gap between layers, perforation 
apertures do not prevent failure of a multilayer shell and pipe. 


With slight hydraulic resistance of the defect, when the perforation 
aperture is practically directly communicating with the inner space of 
the pipe, the gas flow speed through the aperture may reach the speed 
of sound. 


The critical pressure in the aperture Pep is determined by the well known 


equation [1] 
9 a 
__ - 
Pup -(ch! (1) 


where p is the pressure in the pipes; k is the adiabatic index (for methane 
in the ideal gas state '=1.31). With an operating pressure of gas trans- 
portation of about 10 MPa in accordance with expression (1) the critical 
pressure is 5.5 MPa. 








Figure 1. Multilayer shell with perforation apertures. 
Key: 


1. Spiral layers 3. Welded seam 
2. Perforation aperture 
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The pressure in the aperture differs from the critical pressure only 

by the hydrauiiec resistance over the length of the aperture. Since the 
hydraulic losses over this length are quite small, the pressure within 
the aperture at various cross sections differs little and is close to 
the critical pressure. All the gaps between layers which communicate 
with the aperture will be under this same pressure. 


The outer layer is under the most severe conditions. It experiences 
a pressure drop of 5 to 5.5 MPa, whereas the design pressure drop is 
2 MPa (for five layers). Circular stresses exceed ultimate strength 
and the layer fails. Sequential failure of the other layers soon follows. 


To assure continued operating capacity of the multilayer pipe regardless 
of losses of seal of the inner layer, the following design of a spiral 
wound shell was suggested in [2]. The longitudinal seam of the innermost 
turn is made continuous and air tight and is welded to a depth of at 
least the thickness of one layer. The lap joint of the longitudinal 

seam of the outer layer is not continuous. After welding of the longi- 
tudinal seams the shell is expanded to reduce the interlayer gaps as 

much as possible. Shear of the layers eliminates penetration of circular 
seams connecting the shells to the pipe. 


With a spirally wound design of the shell evacuation of gas penetrating 
through the leaks occurs through the spiral interlayer gap limited by 
the circular seams and communicating with the atmosphere with the outer 
noncontinuous lap joint. 


The direction of motion of gas through the spiral gap causes a gradual 
decrease in static pressure in accordance with the strength of the layers. 
In other words, the strength of the layer in case of a leak is intended 

to provide a gradual reduction in gas pressure in the leak, for which 
purpose the gas is directed around a spiral gap and out into the atmosphere. 
The problem arises of calculating the change in static gas pressure and 
flow speed over the path of gas movement through the spiral gap. The 
solution to this problem is obtained using gas dynamic functions with 

a number of assumptions. 


The spiral gap is identified with a straight channel of constant rectangular 
eross section, the length of which is equal to the length of the gap, 

while the thickness is equal to the standard gap between layers. The 
ueometric dimensions of the leak in the layer which has failed are considered 
comparable to the dimensions of the cross section of the channel; the 

choking effect of the defect is ignored. Hydraulic flow conditions are 
assumed to be quadratic with constant hydraulic resistance factor. 


To simplify solution to the problem we can suggest adiabatic conditions 
which, obviously, will correspond to the actual thermodynamic flow conditions. 


40 





Equations describing the change in flow rate in a channel with friction 
are as follows: 


2k x 1 \ | 3 
—— §§ —- | -—— ins 
Ryle >» ha hi (2) 


where ¢£ is the coefficient of friction; x is the instantaneous coordinate 
of the cross section over the length of the spiral channel; Dy» is the 
equivalent channel diameter (in accordance with [3] for flat channels 
with great ratio of length to height, D, -2e, where e = 0.1 mm is the 


normal interlayer gap); dy and do are the velocity coefficients in the 


initial and final cross sections of the channel. 


The value of A= c/a Here c is the flow speed; a, = 


kp- kp 





Vem 


is the critical speed; T. is the stagnation temperature. 


0 


Equation (2) contains two unknowns, m and 4,. 

To determine them, we use an additional equation characterizing the constancy 
of the weight flow rate of the gas, i.e., the condition G = OcF = const, 
where op is the density of the gas; F is the cross sectional area of the 
channel. 


We can write an equation for the two channel cross sections 





Por 19 (1) ia Pos 99 (Aa) 


VT VT os (3) 
or where F = const and To4 = To 
porg (1) = Po2d (Aa) (4) 


In equations (3) and (4), Por and Poo are the pressure in the cross sections 


in question; T., and Ty represent the stagnation temperature in the 


01 2 
cross sections in question; qa), q( ,) are the gas dynamic functions 


in the sections. 


The final equation for determination of static pressure at the end of 
the channel is 
Pord (Ay) 


m ee * (5) 


where y( 4) and Q(4) are gas dynamic functions, the values of which are 
tabulated as functions of Aand k. 
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Equations (2) and (5) allow us to calculate the change in flow speed 
and static pressure through the length of the channel. To solve them 
we must determine whether the flow is accelerated in the output cross 
section to the speed of sound or whether the flow occurs at subsonic 
velocity. 


In the first case when Co=a 5» Ay=l, equation (2) becomes 


k+1 a n? ae ogy (6) 


where ke=1.31, Ayal and y(A,)=1.805 


Po19 (Ay) 
Pa= "1 805° (7) 

















a; Ay 

‘yb 1% 

oosbr2 
<7ce (1) 

202+ 10 

00'F 08 








FO 


Figure 2. Variation of Velocity Coefficient A as a Function of Gas Dynamic 
Functions q and y 
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Figure 3. Variation in Adjusted Spiral Channel Length x as a Function 
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of Velocity Coefficient A 
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Figure 4. Profile of Static Pressure Along Axis of Spiral Channel in Flow: 


Key: 


Pressure at inner surface of layer 
Pressure at outer surface of layer 
Pressure difference across layer 
Calculated layer interaction pressure 


S>wWhN — 
> * 


The condition for flow into the atmosphere should be P» > P ata! where ; 
p 


ro is atmosphere pressure. 
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According to equation (6) with fixed spiral length x=1 coefficient \ 


can be calculated with the necessary accuracy. Its value is used to 
determine q(A,) and from expression (7) static pressure Po: If the calcula- 


tions lead to the result p, * Poem’ this indicates that the flow will 
occur in the subsonic area‘and Calculation must be performed by equations 
(2) and (5). 


In this case A, “<1, and the static pressure at the output of the channel 


2 
is equal to the surrounding ambient pressure, i.e., Po=Paemno'! MPa. 
Equation (5) for this case can be given the form 
y (hy) = 2 9 (A). (8) 


Pat 


Since equations (2) and (8) represent a system of transcendental equations 


for M and Ao» it is convenient to solve them graphically. Figures 2 


and 3 show a possible solution. It is done by constructing graphs (see 
Figure 2) of the function 


Pat 


Ag = Aly (Ag)] H Ad =| Peo a]. 


Since the arguments of these functions should be equal, in Figure 2 we 


present vertical lines and using the corresponding values dy and d» and 


equation (2) we calculate the values of the functions 
2k x 
L=Fs1° DD: 


We then construct a mapping in Figure 2 of the function y= yx (A,) and 


with a fixed value of x equal to the channel length we determine the 
value of r4 at the output from the channel. 


Using the value of A, we determine the corresponding value of A, at the 


2 1 
input to the channel. To construct the static pressure profile over 


the length of the channel we use equation (5). Within the range MS ASA 
x 2 


we fixed the values of As and find the corresponding coordinates 


a 
2 
of development of the spiral channel 0 “<x “1. 


The static pressure Po in each cross section with coordinate x is determined 


by equation (5). Using this method, we calculated the flow into the 
atmosphere of natural gas from a five-layer pipe with an outside diameter 
of 1420 mm and a leak in the inside layer. The pressure in the pipe 

was assumed to be 10 MPa. 
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In the calculations we assigned the coefficient of hydraulic resistance 
and clarified the assumed value of & based on the values of speed and 
Re number which were found. We assumed turbulent flow in the channel 
(Re = 25,000) and ¢=0.025. The refinement of ¢ did not influence the 
results of calculation. 


In Figure 4 we show a profile of static pressure acting on the inner 
and outer surfaces of the layers (on the side of the tubes' cavity) and 
the pressure drop received by each layer through the length of the channel. 


The calculations show that the flow is characterized by reaching the 
speed of sound and where Po, =10 MPa, T517283 K the static pressure at 


the output from the channel p,=0.176 MPa with a hydraulic drag of about 
9.8 MPa. 


We must explain the significance of the interlayer pressure during operation 
of the multilayer wall receiving the internal pressure. When we design 

a multilayer pipe for strength, in particular when we determine the total 
thickness of the wall, we base our computations on the assumption of 

uniform distribution of circular stresses (from internal pressure) throughout 
all the layers. Actually, uniform stretching of the layers is observed 

when there is sufficient physical contact between layers. 


Obviously, after expansion as a result of taking up of the clearances 

the layers come in contact in individual "spots,"' between which there 

are gaps of variable thickness. The mean value of the true gap is defined 
by the TU. 


As the operating pressure rises, the radii and lengths of layer perimeters 
increase, i.e., identical relative deformations arise and the circular 
tensile stresses are equal. Therefore, with an internal pressure of 

p, radius of inner surface R, layer thickness 6 and number of layers 

n in all layers the stress which develops is 


PR 
o="nb? (9) 


where p/n is that portion of the internal pressure which is received 
by the given layer. 


We can see from Figure 4 that under these conditions of gas movement 

through the spiral gap, the inner layers are unloaded and only the outermost 
and partially penultimate layers are under the true pressure drop, exceeding 
the permissible level of p/n by a factor of 1.5 to 2. 


The strength of the outer layer should be increased by, for example, 
the use of circular or spiral windings of reinforcing steel. 
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Thus, elimination of infiltrate through a discontinuous outer seam prevents 
the failure of multilayer pipe made of spirally wound shells in case 
of leaks in the innermost shell. 
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UDC: 621.762-621.7.01;762.04;762.06 


NEW PROCESSES AND MACHINES DEVELOPED AT THE ALL-UNION SCIENTIFIC RESEARCH 
INSTITUTE OF METALLURGICAL MACHINE BUILDING 


Moscow KUZNECHNO-SHTAMPOVOCHNOYE PROIZVODSTVO in Russian No 5, May 83 pp 2-6 


TSELIKOV, A. I., academician, general director, Scientific and Production 
Union of the Institute, Hero of Soctalist Labor, Lenin and State Prize 
Laureate, winner of M. V. Lomonosov Gold Medal 


[Abstract] In spite of the development of plastics, metals will continue to 
be vital materials in Soviet industry. Beryllium, lithium, magnesium and 
aluminum will continue to be important metals for the future. Aluminum can 
be considered particularly a metal of the future, being more plentiful in 

the earth's crust than even iron. This article discusses problems of the 
production of iron and aluminum, copper, zinc, titanium, magnesium and 
others, as well as problems of improving technologcial equipment to increase 
its productivity and allow a reduction in the quantity of hardware required 
for the production of metal products. Continuous casting machines are dis- 
cussed in very general terms. The article is intended to make the readers 
aware of the general advantages of modern methods rather than to describe 

the details of such methods. The method of spiral rolling for production 

of long shafts and axies is announced, in that the rolls are shifted during 
the process of deformation of metal and spread according to a preassigned 
program as a function of the required change in diameter of the rolled product 
with length. The method of shaping gears developed at the author's institute 
is another example of the effectiveness of continuous plastic deformation 
processes, decreasing metal wastage and increasing the productivity of labor. 
Methods of powder metallurgy are also mentioned as promising methods for 
saving raw materials and increasing the productivity of labor. Powder 
metallurgy can now be used to produce high quality alloy steels and other 
alloys. Hot isostatic pressing of powders in gasostats at up to 200 MPa, 
2300K significantly improves the operating characteristics of products and 
saves expensive alloys. Europe's largest gasostat with a force on the shaft 
of 125 MN is used for the production of heat resistant disks, almost 1.5 times 
more heat resistant than those made by previous methods while retaining other 
mechanical characteristics. New machines have been developed for cold press- 
ing of powders under pulsed loadings. Many plants which need such modern 
equipment but do not know of the domestic devices available do not request of 
planning organizations that the modern equipment be produced in sufficient 
volumes at domestic plants. Information contained in the collection of 
articles in this issue of the journal discussing the experience of the author's 
institute on creating equipment for powder metallurgy should therefore have 

a positive influence on development of production of such equipment. 

Figures 3}. 
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UDC: 539.216,.2:539.213:539.172.3 


STUDY OF SUPERFINE INTERACTIONS IN AMORPHOUS CHROMIUM-CONTAINING ALLOYS 
BY MOSSBAUER SPECTROSCOPY 


Sverdlovsk FIZIKA METALLOV I METALLOVEDENIYE in Russian Vol 55, No 5, May 83 
(manuscript received 25 Feb 82; in final form 9 Jun 82) pp 923-930 


BELOZERSKIY, G. N., SEMENOV, V. G. and CHEKASHOVA, S. A., Leningrad State 
University imeni A. A. Zhdanov 


[Abstract] A study is made of iron and chromium based alloys widely used 
due to their anticorrosion properties. The following alloys were studied: 
FeCr) 9B, 3C7, FeCr) oP) 3C7, FeCry gMooP) 4C7. Primary attention was given to 
the magnetic properties and magnetic heterogeneity of the alloys, including 
over the cross section of strips. For this purpose the effective magnetic 
fields were studied and distributions of values of H,¢¢ in the volume and on 
the surface of the strips were studied. For colparative purposes and to 
correlate their results with those of other authors, studies were made of the 
alloy FeB 4? which has been subjected to Mossbauer spectroscopy by many 
other authors. The alloys were obtained by rapid cooling of a melt on a 
rotating disk producing amorphous strips about 25 ym thick and about 10 mm 
wide. Mossbauer spectra were measured in transmission at 78 and 300°K and 
by back scattering with recording of either electrons or $5ray quanta 
accompanying the discharge of the first excited level of ~’Fe. The alloys 
studied have slight magnetic heterogeneity, the criterion of which is the 
ratio of areas for each of the modes of distribution of the P(H) at 78°K. 
The degree of magnetic heterogeneity is significantly less than in iron- 
nickel based alloys studied in earlier works. The addition of just 2% Mo 

to an alloy containing phosphorus greatly changes the electron properties. 
Comparison of the magnetic properties of the surface and volume of the 
specimens shows that significant differences are observed only for the alloy 
containing molybdenum. The internal stresses in the specimen lead to 
preferential orientation of magnetic moments of iron atoms in the plane of 
the strip. In a strip about 0.3 ym thick the orientation of magnetic moments 
averages the same as in a massive specimen. Figures 6; references 15: 

1 Russian, 14 Western. 
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UDC: 620,193.01 
REASONS FOR DIFFERING PASSIVATION CAPACITY OF AMORPHOUS IRON ALLOYS 


Moscow ZASHCHITA METALLOV in Russian Vol 19, No 3, May-Jun 83 
(manuscript received 26 Mar 82) pp 382-387 


VASIL'EV, V. Yu., Moscow Institute of Steels and Alloys 


[Abstract] A comparative study was performed of amorphous alloys Fez9Cri6 
P,3C7 and Fe73Cr}9B)7 obtained in the form of strips up to 35 yim thick and 

10 mm wide. The alloys were obtained by hardening a melt from a resistance 
furnace on a steel disk 250 mm in diameter spinning at 3000 rpm. Potentio- 
static and potentiodynamic curves were obtained at temperatures of 25°C and 
10% HCl and 10-40% H.$0,. The partial iron and chromium dissolution k:netics 
weve determined by néutron activation and gamma spectroscopy. Specimens 

were irradiated for 100 hours in a VVR-2 nuclear reactor, flux density 

3°10 3 neutrons per square centimeter per second, temperature not over 100°C. 
Gamma spectrometric analysis of samples for dissolution products was performed 
on a spectrometer with a 4000 channel pulse analyzer. The best passivation 
was obtained in the phorphorus-containing allcy due to the greater accumulation 
of chromium in the oxide layer during the process of anodic dissolution. 
Phosphine was separated only in solutions of corrosive acids with high hydro- 
gen ion activity and negative pH and in the presence of an active-passive 
transition. The active-passive transition and subsequent passivation 
apparently resulted from the formation of a protective film consisting of 
phosphate compounds and oxides. The concentration of carbon on the surface 
was twice that in the volume, and the content of both phosphorus and carbon 
was higher on tie contact side of the strip than on the noncontact side. 

Foci of anomalously high microhardness were observed, approaching the hardness 
of diamond indentor, probably indirectly confirming the conclusion of an 
earlier work that the bond energy of two P electrons at phosphorus atoms in 
amorphous alloys is less than that of chemically pure specimens by 3 eV and 
1.2 eV less than in phosphorus in the crystalline alloy Fe7 Cr) oP) 307. 

Figures 3; references 13: 10 Russian, 3 Western. 
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UDC: 621.9.047.7 
ANODIC DISSOLUTION OF TRANSITION METAL CARBIDES AT HIGH CURRENT DENSITY 


Moscow ZASHCHITA METALLOV in Russian Vol 19, No 3, May-Jun 83 
(manuscript received 2 Apr 81; after revision 26 May 82) pp 412-414 


AMIRKHANOVA, N. A., RAFIKOVA, L. G. and TATARINOVA, O. N., Ufa Aviation 
Institute 


[Abstract] A study is made of the anodic behavior of carbides of chromium, 
molybdenum, titanium and zirconium at high current density in high alloy 
aviation alloys as dispersion hardening additives. Specimens of compact hot 
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pressed carbides were manufactured as cylinders 3 mm in diameter; lateral 

ces were covered with epoxy compound. Polarization was conducted in a 
potentio-dynamic state (3.2 V/min) and under galvanostatic conditions. 
Depending on the metal component in the carbide the shape of the polarization 
curves both in the chloride solution and in sodium nitrate diffe ed when 
chromium carbide was fonized in a solution of both sodium chlorice and sodium 
nitrate. The chromium, in contrast to its oxides from alloys, goes over 

into the solution in two stages of oxidation, Cr (III) and Cr (IV). The ratio 
of Cr (III) to total chromium in the nitrate electrolyte is 10 to 18%, in the 
chloride electrolyte - 15 to 25%. The total yield of chromium is not over 
55%, due to the anodic liberation of oxygen in nitrate solutions and chlorine 
in the sodium chloride solutions. The partial yields of metallic components 
of the carbides show that the nature of the electrolyte has a significant 
influence on ionization of the metal component. Figures 1; references 12: 
all Russian. 
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UDC: 621.762.04.2.222 


PRODUCTION METHODS AND PROPERTIES OF METAL POWDERS FOR HIGH TEMPERATURE 
PRESSING 


Moscow KUZNECHNO-SHTAMPOVOCHNOYE PROIZVODSTVO in Russian No 5, May 83 
pp 20-22 


KRIVONOS, G. A., BLEKHEROV, V. M. and GOLUBKOV, V. G. 


[Abstract] The main methods of production of high quality steel and alloy 
powders are methods of spraying alloys. Productions of powders by spraying 

is a process based on breakup of a melt into dispersed droplets. Depending 

on the necessary powder properties, crystallization of the droplets may be 
performed in a controlled gas atmosphere, in a quenching medium or as the 
droplets strike a cooling substrate. Centrifugal methods of spraying are 

most commonly used. The fractional composition of the powder and productivity 
of the process are determined by the thermophysical properties of the material, 
power of the heat source, rate of spinning and diameter of the metal being 
melted. The powders produced are usually sperical without internal porosity 
or surface defects. The main methods of working of powders are hot isostatic 
pressing, extrusion and their combinations. The use of powders is limited 
primarily to the production of products of refractory metals. Another method 
of powder production is dispersion of a jet of metal by a high pressure jet 
of water flowing from a agrayer at 5 to 20 MPa, 100-150 m/s, cooling the 
dispersed metal at 104-109°C/s. The powder produced is vacuum dried and 
annealed in a rotating drum furnace in a reducing atmosphere, then screened. 
This method is quite economical and productive and is used for the production 
of iron, low carbon and low alloy steel, as well as stainless steel and alloy 
powders. Gas jet spraying of melts is highly productive, uses simple 
apparatus and is low in cost. Diagrams of some powder production methods 

are presented. The profitability of these processes is determined both by 
the specifics of the compacting process used to produce products of the 
powders and the method of production of the powders themselves. Figures 4; 
references 3: all Russian. 

[133-6508] 
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CREEP OF LaCr0,-Cr CERAMIC-METALLIC MATERIAL 


Moscow FIZIKA I KHIMIYA OBRABOTKI MATERIALOV in Russian No 3, May-Jun 83 
(manuscript received 7 Aug 81) pp 137-138 


BARINOV, S. M., BAKUNOV, V. S., IVANOV, V. S., KRASULIN, Yu. L. and 
SPIRIDONOV, E. G., Moscow 


[Abstract] Results are presented from a comparative study of the creep of 
cermets in the system LaCr03-Cr obtained by both static and high speed press- 


ing. Studies were performed on materials with continuous interpenetrating 
ceramic and metallic framework. The elastic-viscous transition temperature 


of the materials is about 1200°C. The tests were therefore performed at 

1300 to 1450°C, with 5 x 5 mm beams loaded in 4-point flexure in an atmosphere 
of argon. The results indicate that the creep rate is controlled by diffusion 
pr’ cesses at the lanthanum chromite grain boundaries. The cermets produced 

by high speed pressing creeps more rapidly as a result of grain breakup, the 
formation of a substructure and nonequilibrium defect concentration. It is 
promising to use high speed pressing to produce materials with increased 
stress relaxation capacity. Figures 2; references 6: 5 Russian, 1 Western. 
[149-6508 ] 


UDC: 669.018.44:539. 389.3 


INFLUENCE OF BOUNDARY VOLUME STRUCTURE ON GRAIN BOUNDARY RELAXATION OF CAST 
HEAT RESISTANT NICKEL ALLOYS 


Moscow FIZIKA I KHIMIYA OBRABOTKI MATERIALOV in Russian No 3, May-Jun 83 
(manuscript received 18 Feb 80) pp 106-110 


NAGIN, A. S., and GADALOV, V. N., Komsolmol'sk-na-Amure 


[Abstract] Methods of internal friction were used to estimate the influence 
of eutectic interlayers on certain characteristics of heat resistant cast 
nickel alloys. Grain boundary internal friction was studied for six differ- 
ent alloys. The data were obtained as a result of repeated experiments 
using 5 to 10 specimens per alloy, with good reproducibility for all alloys. 
Grain boundary relaxation parameters were found to be greatly influenced by 
the degree of alloying, structure and phase composition of alloys. The 
height of the grain boundary peak representing the degree of attachment of 
grain boundaries decreased with an increase in the dispersion of carbide 
phases in the spaces between dendrites and grains, as well as the primary 
intermetallide Ni3(Al, Ti) type y" phase and other phases in the alloys. 
The stability of the alloys, judged from temperature and grain boundary 
relaxation activation energy, increased with increasing molybdenum and 
tungsten content in the alloys. Figure 1; references 5: all Russian. 
[149-6508 ] 
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UDC: 620.1734+620.193.28 


INFLUENCE OF NITROGEN-HYDROGEN-CONTAINING MEDIA ON HEAT RESISTANCE PROPERTIES 
OF NICKEL-BASED ALLOYS 


Kiev PROBLEMY PROCHNOSTI in Russian No 4, Apr 83 (manuscript received 
23 Feb 82) pp 98-101 


BICHUYA, A. L., NIKIFOROV, Yu. D. and ARSKARA, Ye. P., Institute of Physico- 
Mechanics, Ukrainian Academy of Sciences, L'vov, Moscow 


[Abstract] A study is made of the kinetics of the corrosion process and the 
influence of ammonia decomposition products on the strength characteristics 
of various metal structural materials. Flat specimens for micro-mechanical 
testing of nickel-based alloys were heat treated and tested in a current of 
ammonia with 75 to 85% dissociation of the ammonia, which moved at 0.5 m/min. 
The formation of carbohydride and nitrohydride compounds indicates that the 
interaction of hydrogen with nitrides and carbides at normal pressure is 
possible, increasing with increasing temperature. The effect of the medium 
was most clearly seen at high stresses. There is a threshold stress level 
below which the effect of strength reduction is very slight. Apparently at 
low stresses the hydrogen penetrating the metal and leading to strength loss 
is not concentrated in local microscopic volumes but rather dissolved 
uniformly throughout the entire volume, eliminating the strength reducing 
effect. Figures 5; references 15: all Russian. 
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UDC: 669.3-415:669.046.54 
STUDY OF THIN FILMS ON COPPER STRIP SURFACE BY PHOTOELECTRONIC SPECTROSCOPY 


Moscow IZVESTIYA AKADEMII NAUK SSSR: METALLY in Russian No 3, May-Jun 83 
(manuscript received 25 Aug 82) pp 184-188 


REZNICHENKO, K. N., FEDOROV, V. N. and SHEVAKIN, Yu. F., Moscow 


[Abstract] A study is made of the composition of surface films formed on 
copper strips under atmospheric conditions. The studies were performed by 
x-ray photoelectron and auger spectroscopy methods using an English ES-300 
electronic spectrometer with a resolution of 0.9 eV. The surface film was 
founa to disappear completely after 30 minutes of ion etching, at which point 
spectral intensity stabilizes. The defects on the surface of commercially 
produced copper strips were found to be oxides of copper, thin films which 
varied in color from blue to dark blue as a function of thickness. The 
presence of adsorbed carbon and iron in the films is a result of surface 
contamination. Figures 5; references 6: 3 Russian, 3 Western. 
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UDC: 620.2:621.714.2 


TEMPERATURE VARIATION OF MECHANICAL PROPERTIES OF BASE METAL AND WELDED 
JOINTS OF LARGE DIAMETER PIPES 


Kiev PROBLEMY PROCHNOSTI in Russian No 6, Jun 83 (manuscript received 
13 Aug 82) pp 108-112 


SAIDOV, G. I., MONOSHKOV, A. N., PASHKOV, Yu. I., OSTSEMIN, A. A., Fergana 
Polytechnical Institute; Scientific Research Institute of the Pipe Industry, 
Chelyabinsk 


[Abstract] Large diameter welded pipe designed for the construction of major 
gas and oil pipelines must meet increased requirements for quality and 
operational reliability. This work studies results of investigations of the 
temperature variation of mechanical properties of steels types 17GS, 17G1S-u, 
VSt3Kp and their welded jcint, widely used at the present time for the manu- 
facture of welded gas and oil pipelines. Temperature variations of strength 
and deformation properties, coefficient and modulus of hardening at & =200 g~! 
are obtained for these steels. Parameters characterizing the thermally 
activated plastic deformation of the steels and their welded joints are 
established. The results allow prediction of the yield point for other test 
conditions. Figures 4; references 7: all Russian. 
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